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ABSTRACT 


Multi-band  remote  sensing  provides  a  means  of  obtaining 
signatures  for  natural  earth  objects  and  backgrounds.  The  Terrestrial  Sciences 
laboratory  (CRJ) ,  Air  Force  Cambridge  Research  Laboratories  (AFCRL)  collected 
multiband  data  from  four  humid  tropical  enviroments  in  Puerto  Rico.  The 
Cornell  Aeronautical  Laboratory,  Incorporated  ( C . A L )  collected  field  data  and 
performed  a  limited  quantitative  analysis  toward  the  objective  of  defining 
terrain  signatures.  Irradiance,  spectral  reflectance,  surface  temperature, 
soil  moisture,  soil  granularity,  air  temperature,  humidity,  wind  speed  anti 
direction  measurements  and  ground  photographs  were  obtained.  The  limited 
analysis  resulted  ’n  the  development  of  bi-band  methodology  for  determing 
whether  variations  in  film  image  density  of  soil  are  caused  by  surface  moisture 
or  surface  structure .  If  the  ratio  of  the  average  exposures  (low/high)  of  two 
images  of  soil  in  the  blue  region  of  the  spectrum  (  ~  .50y>  j  is  equal  to  or 
greater  than  their  exposure  ratios  in  the  near  infrared  (  ~  0.80^.  )  the 
difference  is  attributaole  to  surface  structure;  if  less,  then  the  cause  is 
surface  moisture.  The  results  also  suggest  that  for  surface  structure,  the 
absolute  value  of  the  ratio  can  be  related  to  the  amount  of  textural  difference 
between  the  surfaces.  It  is  concluded  that  an  electro-optical  multi  band 
analysis  system  using  bi-band  techniques  can  be  developed  to  facilitate  the 
Air  Force  engineer's  task  of  terrain  analysis  and  at  the  same  time  provide  him 
witii  the  tools  necessary  to  extend  the  utility  of  multi  band  remote  sensing  to 
obtain  spectral  signatures  for  other  earth  objects  and  backgrounds . 
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GLOSSARY  OF  TERMS 


Remote  sensing  of  the  terrain  is  truly  a  multi  discipline  art 
and/or  science.  1"  is  practised  by  geologists,  geographers,  engineers  and 
military  intelligence  analysts.  Research  efforts  often  involve  physicists 
and  psychologists  as  well.  Because  terms  used  in  one  discipline  are  often 
used  in  other  disciplines  but  with  different  connotations,  a  glossary  of 
terms  is  generally  useful  in  reporting  results. 

This  report  was  prepared  by  a  civil  engineer  with  a  background 
in  image  interpretation  and  the  phvsics  of  image  formation,  which  is  reflected 
in  many  of  the  terms  used  in  the  report.  Therefore,  terms  which  may  have 
different  connotations  in  different  disciplines  are  defined  helow  and  under¬ 
lined  in  the  text. 
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A1  luvial  soi  1 ,  beach  sand 
gravely  clay,  fine  sand 
silty  clay 


Alluvial  soil 
Beach  sand 

Gravely  clay 

Fine  sand 

Silty  clay 
Beach  sand 

Pasture  grass 

MANCROVt 

Micron  (-y) 


There  is  agreement  on  general  descriptor  of 
soils  such  as  alluvial,  sand,  and  gravel  but 
there  aie  also  significant  geological  differ¬ 
ences  hetween  such  soil  classes .  Therefore, 
wherever  a  general  term  such  as  this  is  used 
in  this  report,  it  is  cross  referenced  below 
to  the  appropriate  appendix  in  which  more 
specific  information  can  be  found. 


Soil 

Text  Page 

Appendix  Page 

lolosco  Clay 

16, 18,21 

R- 16 

Location  7 

Palm  Sand 

16,18,21 , 
25 

R-9 ,  B-  10 
Location  2 

Yaucoa  Clay 

23,24,25, 

26,28,20 

B-  28 

(Yo) 

Guayabo  fine 
sand 

23,24,29 

Coloso  Clay 

25,28,29 

B- 16 

Location  7 

Palm  Sand 

39,40,4  1  , 
47 

B-9 

Location  3 

41 

B- 1  8 

(Note:  Species  could  not  be  identified 
because  of  heavy  gracing  condition) 


The  term  micron  used  in  this  report  is  a  unit 
of  length  equal  to  10  ^  meters  or  10  milli¬ 
meters.  It  has  been  commonly  used  as  a  measure 
of  the  wavelength  of  energy  in  parts  of  the 

electromagnet  spectrum  in  which  remote  sensors 

(23) 

operate.  Because  other  terms  are  alsa 
used  for  this  same  unit  of  length  a  conversion 
table  is  presented  below. 


meters  millimeters 


micron 

10~6 

hO 

1 

O 

mi crometer 

mi  1 1 imicron 

10"  9 

io"6 

nanometer 

nngstron 

)0-ln 

10-7 

nanometer 


There  is  agreement  on  (.moral  descriptors  of 
vegetation  hut  there  arc  also  significant 
botanical  differences  between  such  vegetation 
classes.  A a  is  explained  in  the  appendices, 
species  were  not  dc termi no- 1  on  this  effort, 
but  other  details  arc  presented  and  cross 
referenced  he  low. 

Text  Appendix 

41.  t3.  lo  It-  If 

43.43  It- 14,  13 

Stabilized  beach  A  water  deposited  sand  whose  surface  has 

been  wholly  encroached  by  vegetation  (grasses, 
vines,  woody  pi. -nits  and  palm  trees)  to  the 
degree  that  no  erosion  bv  wind  can  occur. 

Term 

Surface  Moisture  The  are3  of  watei  surfaces  present  on  a 

terrain  surface  and  within  the  area  of  a 
ground  resolution  element  of  a  remote  sensor. 
This  water  may  occur  in  a  wide  variety  of 
farms  such  as  a)  puddles  filling  Jf  pi  osions 
in  the  ground  surface:  b)  water  trapped  between 
soil  grain.'  at  the  surface  or  water  droplets 
on  vegetation. 

Surface  moisture  is  not  synomomous  with  the 
term  soil  moisture  which  image  interpreters 
use  to  define  an  image  that  thev  judge  is  a 
wet  soil  on  the  ground.  Areas  of  surface 
moisture  which  are  on  the  order  of  the  sign 
of  the  ground  resolu*- i or  clement  of  a  remote 
sensor  are  not  recorded  as  an  image  which  the 
interpreter  can  identify.  An  interpreter 


Vj  i 


requires  on  the  order  of  five  to  ten  such 
elements  together  before  he  can  recognize  an 
image  as  a  specific  ground  object. 

Surface  moisture  is  not  synomonous  with  the 
geologic  term  soil  moisture  cont^rvt  which 
refers  to  the  percentage  of  water  in  a  sample 
of  soil  by  weight.  However,  it  appears  that 
by  using  prior  geologic  knowledge  of  terrain 
and  bi-band  remote  sensing  techniques  reliable 
relationships  may  be  found  between  these  terms, 
so  That  soil  moisture  content  can  be  deter¬ 
mined  by  remote  sensing. 

Surface  structure  Three  dimensional  variations  in  a  terrain 

surface  witnin  the  ares  of  a  ground  resolution 
of  a  remote  sensor.  Such  variations  can  be 
caused  by  differences  in  vegetation  height  and 
density,  the  presence  of  boulders,  cobbles,  or 
coconuts,  or  earth  scars  made  by  man.  These 
three  dimensional  variations  in  the  terrain 
surface  affect  both  the  s;  ,-ctral  distribution 
and  the  intensity  of  the  average  radiance 
detected  by  a  remote  sensor  in  its  ground 
resolution  element.  However,  they  are  not 
recorded  as  specific  images  by  the  remote 
sensor;  and  therefore  the  term  surface 
structu-'e  is  not  synomomous  with  the  image 
interpreter's  term  soil  texture,  i.e.,  the 
frequency  of  change  and  arrangement  of  (image ) 
tone  as  defined  in  Reference  14.  Also  it  is 
not  synomomous  with  the  texture  of  soil,  as 
defined  in  Reference  l'j,  which  relates  to 
laboratory  sieve  analysis  and  other  standard 
soil  tests  tc  determi).-'  the  distribution  of 
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individual  partical  size?  in  a  soil  sample. 
However,  it  appears  that  by  using  prior 
geologic  knowledge  of  the  terrain  and  bi-band 
remote  sensing  techniques  reliable  .elation- 
ships  may  be  found  between  this  terms,  so 
that  soil  texture,  in  the  geologic  sense  can 
be  determined  remotely. 


1.  INTRODUCTION  ANU  SUMMARY 


The  United  States  Air  Force  has  the  very  important  mission  of  evaluating 
terrain  for  engineering  properties  related  to  uses  such  as  airfields  or  support 
facilities  development.  Preliminary  surveys  especially  in  remote  areas  are 
conducted  using  remote  sensor  data  and  photogrammetric  and  interpretation 
analysis  methods. 

Multi-band  remote  sensing  techniques  can  provide  new  and  more  precise 
information  about  the  terrain  to  aid  in  the  task  of  terrain  evaluation.  Deriving 
spectral  signatures  for  natural  earth  objects  and  backgrounds  therefore  is 
a  major  objective  of  the  USAF,  and  the  ultimate  objective  of  this  effort. 

On  this  effort,  CAL  supported  Terrestrial  Sciences  Laboratory  of  the  Air 
Force  Cambridge  Research.  Laboratories  [AFCRL  (CR.J)]  by  acquiring  field  data 
from  four  humid  tropical  environments  in  Puerto  Rico,  which  was  used  in  a 
limited  analysis  of  multi-band  remote  sensor  data  collected  by  AFCRL.  The 
field  data  contained  in  the  Appendices  of  this  report  attest  to  the  successful 
completion  of  the  support  objective. 

The  most  significant  result  obtained  from  the  limited  analysis  was  the 
development  of  a  bi  band  spectral  technique  to  allow  the  image  interpreter  to 
determine  whether  tonal  differences  of  images  of  soil  were  caused  by  surface 
moisture  or  surface  structure.  This  result  is  considered  significant  because 
it  represents  a  step  toward  being  able  to  measure  soil  moisture  and  granularity 
remotely  and  thus  predict  bearing  strength  for  facilities  development.  It 
also  strengthens  CAL's  hypothesis  that  the  answer  to  the  successful  utilization 
of  multi-band  data,  remotely  sensed,  lies  in  the  proper  se’ection  of  a  limited 
number  of  spectral  bands,  of  proper  band  width,  whose  spectral  reflectance 
ratios  are  unique.  In  addition,  it  extends  the  usefulness  of  a  bi-band  spectral 
signature  technique  developed  by  CAL  for  the  basic  surface  features,  water, 
vegetation  and  soil. 

The  basic  concept  of  spectral  signatures  is  discussed  in  Section  2, 
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followed  by  a  brief  discussion  in  Section  3  of  the  major  factors  in  the  remote 
sensing  system  which  affect  the  observed  spectral  signatures.  Section  4 
contains  results  of  this  effort  with  respect  to  the  major  factors  described 
in  Section  3  including  spectral  irradiance,  spectral  reflectance,  and  sensor 
limitations.  The  development  of  the  gross  signatures  for  water,  soil  and 
vegetation  is  discussed  in  Section  5  followed  by  the  Results  and  Conclusions 
for  the  effort  in  Section  6. 

Processed  ground  data  collected  during  the  effort  and  technical  details 
of  the  analyses  are  included  in  Appendices. 
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2. 


BASIC  CONCEPT  OF  SPECTRAL  SIGNATURES 


The  remote  sensor  can  only  record  the  true  energy  per  unit  area  from 
an  object  as  measured  by  ground  instrumentati  n  when  the  two  measurement 
systems  have  identical  sensitivities,  have  identical  geometries  of  source, 
objects  and  detector,  and  have  identical  attenuations  by  outside  forces  such 
as  the  atmosphere.  Since  these  conditions  rarely  exist  in  practice,  the 
energy  recorded  by  the  remote  sensor  is  referred  to  here  as  the  apparent 
energy  reflected  or  emitted  by  the  ground  object  or  background. 

What  the  interpreter  observes  as  image  tone  or  density  is  a  spatially 
distributed  and  modulated  representation  of  this  energy.  CAL  has  demonstrated 
in  a  previous  program  quantitatively  that  the  tone  or  density  of  an  image 
can  be  related  to  the  average  reflected  energy  from  ground  objects  using  I 

appropriate  controls.  Laboratory  measurements  of  object  surface  spectral 
reflectance  (Refs.  1-5)  have  shown  that  differences  in  reflectance  do  occur 
in  nature  between  ground  objects  and  backgrounds  pertinent  to  variations 
in  object  properties  such  as  soil  moisture.  Therefore,  if  the  apparent  energy 
is  sampled  in  the  appropriate  spectral  regions  and  displayed  as  spatial  images 
which  the  interpreter  can  recognize,  the  interpreter  can  extract  information 
pertinent  to  his  task  more  rapidly  than  presently  possible  and  in  greater 

i 

detail . 

i 

i 

For  example,  the  interpreter  using  a  grease  pencil,  stereoscope,  and 
overlay  can  outline  all  the  images  of  tree  stands  in  a  scene  and  by  pi  Imetry 
or  the  block  square  method,  he  can  measure  the  area  of  ground  covered  by  j 

trees.  A  comparison  of  such  areas  at  several  sites  considered  for  the  development  J 

of  an  airfield  could  be  the  deciding  factor  in  site  selection. 

| 

Laboratory  reflectance  measurements  have  established  that  vegetation 
has  spectrally  unique  properties  in  two  bands  when  compared  to  all  other 
earth  objects;  namely  low  reflectance  in  the  chlorophyl  absorption  band  at 
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approximately  0.6S^  and  high  reflectance  in  the  near  infrared  band  at  approximately 
0.80  . 

Using  these  spectral  signature  bands,  CAL  developed  a  methodology  of 
photographically  preprocessing  photographs  taken  in  these  two  bands  to  produce 
a  third  photograph  which  does  not  image  vegetation  (Ref.  1).  Additional 
research  (Ref.  6)  led  to  the  development  of  an  electro-optical  preprocessing 
technique  which  allowed  the  interpreter  to  eliminate  areas  of  vegetation 
selectively,  based  upon  the  absolute  value  of  the  reflected  spectral  energy 
in  these  two  bands.  It  was  noted  that  grass  and  brush  areas  were  separated 
from  tree  stands  by  this  technique  so  that  a  transparency  could  be  obtained 
which  imaged  only  the  latter.  Therefore,  areas  of  tree  stands  can  be  determined 
readily  by  measuring  the  transmission  of  the  transparency  and  the  tedious, 
time-consuming  interpretation  task  of  preparing  grease  pencil  overlays  for 
mechanical  measurements  of  area  can  be  eliminated. 

The  same  methodology  indicated  above  for  vegetation  was  also  applied 
to  images  of  soil  (including  rock  outcrops)  and  water  bodies,  the  other  two 
primary  natural  objects  or  backgrounds  which  are  present  on  the  earth's  surface. 

The  results  indicated  that  for  the  two  spectral  bands  used,  transparencies 
could  be  generated  which  would  give  the  area  distribution  of  both  soil  and 
water. 

The  state-of-the-art  of  developing  and  utilizing  spectral  signature 
data  is  in  its  infancy.  The  effect  of  the  change  of  the  true  spectral  energy 
from  an  object  sensed  remotely,  caused  by  the  remote  sensing  system  components 
and  conditions  must  be  determined  before  efficient  use  can  be  made  of  the 
spectral  energy.  These  factors  are  discussed  in  detail  in  the  following 
section  of  this  report.  In  Section  5  ,  Spectral  Signatures,  the  basic  concept 
of  spectral  signatures  described  above  is  applied  to  spectral  film  obtained 
on  this  effort  and  the  significant  results  with  respect  to  terrain  analysis 
by  remote  sensing  are  presented. 
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3. 


FACTORS  AFFECTING  REMOTE  SENSING  FOR  SPECTRAL  SIGNATURES 


To  many,  placing  a  band  pass  filter  on  an  aerial  camera  lens  yields 
a  spectral,  aerial  photographic,  sensing  system  that  will  produce  a  photo¬ 
graph  on  which  differences  in  image  densities  are  attributable  to  the  reflectance 
properties  of  the  ground  objects  at  this  wavelength.  To  illustrate  how  the 
validity  of  this  assumption  is  affected  by  the  other  factors,  Figure  1  has 
been  prepared  to  diagram  a  complete  system. 

The  sun  is  the  source  of  the  energy  for  the  system,  its  intensity  and 
spectral  distribution  have  been  the  subject  of  much  research  culminating 
in  a  generally  agreed  upon  and  useable  standard  by  the  scientific  community 
(Ref.  7)  . 

The  earth  however,  is  surrounded  by  an  atmosphere  which  attenuates  the 
energy  from  the  sun  as  well  as  the  reflected  energy  returning  from  ground 
objects  (Ref.  8).  These  attenuations  factors  have  also  been  the  subject 
of  considerable  research  (Ref.  9) ;  however,  less  agreement  is  found  in  the 
scientific  community  regarding  the  attenuation  effects  of  the  atmosphere 
than  the  intensity  and  spectral  distribution  of  the  sun  outside  our  atmosphere. 

The  reflectance  of  an  object  is  definea  broadly  in  terms  of  the  ratio 
of  the  energy  reflected  by  the  object  to  the  energy  incident  upon  it.  Since 
basically  the  reflected  energy  produces  the  image  density  of  the  ground  object, 
the  density  is  therefore  dependent  upon  the  intensity  and  spectral  distribution 
of  the  incident  energy.  Some  objects  in  an  aerial  photographic  scene  will 
receive  direct  solar  illumination  whereas  others,  because  of  surrounding 
taller  objects,  will  receive  indirect  illumination  (shadow  areas).  The  intensity 
and  spectral  spectral  distribution  of  the  latter  is  extremely  difficult  to 
predict  because  it  is  composed  primarily  of  skylight  (which  depends  on  cloud 
conditions)  and  the  light  reflected  from  surrounding  objects.  Finally,  when 
cloud  shadows  are  present  within  the  scene,  objects  are  illuminated  partially 
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by  direct  illumination  and  partially  by  indirect  illumination.  Again,  this 
is  a  difficult  illumination  condition  for  predicting  intensity  and  spectral 
distribution.  However,  if  a  natural  object  of  known  spectral  reflectance 
appears  in  the  photographic  scene  under  each  condition  of  illumination,  the 
differences  in  reflected  energy  for  cloud  and  structure  shadow  conditions 
relative  to  direct  sunlight  could  be  determined  from  the  densities  of  the 
images.  As  will  be  discussed  in  Section  4.2.6,  vegetation  has  been  considered 
in  this  study  as  a  potential  natural  standard  reflectance  reference. 

The  definition  of  object  reflectance  used  above  is  very  general.  Most 
real  objects  reflect  energy  differently  in  all  directions,  depending  upon 
surface  geometry  and  the  geometry  of  the  source,  object  and  detector.  Real 
objects  are  generally  not  ideal  diffuse  or  specular  reflectors.  Laboratory 
measurements  of  object  reflectance  are  generally  standardized,  but  do  not 
include  the  in  situ  geometry  of  the  objects  of  interest  or  the  specific  geometry 
of  source,  object  and  detector  for  all  situations  which  arc  likely  to  be 
encountered,  Therefore,  laboratory  or  even  in  situ  ground  measurements  of 
object  reflectance  are  at  best  a  poor  standard  with  which  to  judge  the  accuracy 
or  precision  of  measurements  made  using  an  aerial  photographic  system,  as 
will  be  discussed  further  in  Section  4.2.1. 

Finally,  the  photographic  system  itself  affects  the  apparent  reflectance 
of  a  ground  object  as  derived  from  its  image  density. 

If  the  spectral  filters  are  of  the  interference  type  employing  dielectric 
coatings,  the  transmittance  peak  shifts  to  shorter  wavelengths  with  increasing 
off-axis  angles.  This  effect  is  generally  small  for  objects  close  to  the 
axis  of  the  system.  For  objects  considerably  off  axis,  corrections  can  be 
applied  if  needed. 

Gelatin  filters  between  optical  quality  glass  have  essentially  no  effect 
on  image  density  in  this  respect.  However,  narrow  band  passes  must  be  achieved 
by  combining  two  or  moi'e  filters  which  can  result  in  internal  reflections 
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which  add  to  the  flare  light  of  the  system.  Gelatin  filters  unmounted  tend 
to  wrinkle,  introducing  more  flare  and  distortion  than  the  glass-mounted 
variety. 

Lenses  have  some  degree  of  transmission  fall-off  as  the  angle  off-axis 
increases.  The  effect  on  image  density  is  small  for  good  quality  lenses. 

Lenses  are  generally  focused  for  imaging  energy  received  in  the  red-green 
portion  of  the  spectrum.  Multi-band  aerial  cameras  have  independent  lenses 
for  each  spectral  region  sensed.  Refocusing  is  required  if  such  lenses  are 
to  be  used  with  blue  or  near  infrared  energy,  in  order  to  match  the  ground 
resolution  capability  of  each  lens/film  combination.  Thus  the  same  ground 
objects  will  be  imaged  with  the  same  degree  of  detail  by  each  lens  system 
and  the  resultant  image  densities  will  be  truly  related  to  the  object  reflectance 
properties  in  each  spectral  band. 

The  shutter  characteristics  of  the  camera  are  also  important  if  quantitative 
reflectance  data  are  to  be  derived  from  the  imagery.  The  between-the-lens 
shutter  exposes  every  point  in  the  photographic  scene  essentially  simultaneously, 
whereas  the  focal  plane  shutter  exposes  a  line  at  a  time  as  it  moves  across 
the  film  format.  The  latter  is  undesirable  because  variations  in  the  speed 
of  the  shutter  across  the  format  introduces  variations  in  image  densities 
across  the  format.  In  some  cameras,  these  variations  are  severe  enough  to 
cause  visible  density  bands  on  the  photographs. 

Film  processing  can  also  be  a  source  of  major  error,  especially  where 
rewind  processing  is  employed.  The  relationship  between  image  density  and 
the  exposure  will  vary  considerably  over  the  entire  length  of  the  roll  of 
film  being  processed.  If  continuous  processing  is  used,  errors  of  this  nature 
are  minimized. 

A  scanning  microdensitometer  is  generally  used  to  measure  the  densities 
of  images  of  ground  objects  on  the  filtered  films  and  is  another  important 
consideration  in  deriving  quantitative  reflectance  data.  The  scanning  slit 
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aperture  size  must  be  selected  which  is  of  the  proper  size  to  yield  an  average 
value  of  density  for  the  object  of  interest.  If  the  object  is  large  relative 
to  the  ground  resolution  element  of  the  system  and  has  no  internal  pattern 
or  structure,  aperture  size  is  not  critical.  However,  most  natural  objects 
of  interest  do  have  structure  or  internal  patterns  so  that  the  averaging 
effect  of  the  aperture  selection  must  be  considered. 

Obviously,  there  are  many  factors  which  must  be  considered  in  a  complete 
aerial  spectral  sensing  system,  borne  of  the  factors  considered  above  are 
also  important  with  respect  to  scanning  systems  operating  in  the  infrared 
and  ultraviolet  such  as  the  atmospheric  attenuations,  and  film  processing. 
Different  factors  arc  also  introduced  by  changing  the  principle  of  the  sensor 
system,  such  as  the  transfer  function  of  the  electronic  components  of  such 
systems . 

Under  this  research  effort,  only  spectral  sensors  operating  in  the  visible 
(0.4  microns  to  0.7  microns)  near  infrared  (0.7  to  0.9  microns)  and  intermediate 
infrared  (3.0  to  .3.0  microns)  regions  of  the  spectrum  have  been  employed. 

The  factors  discussed  above  were  considered  in  every  phase  of  the  effort 
from  the  planning  of  the  data  collection  program  through  the  limited  analysis 
effort . 
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RESULTS  PERTINENT  TO  SPECTRAL  SIGNATURES  FOR  NATURAL  EARTH  OBJECTS 
AND  BACKGROUNDS 


Deiininp  signatures  for  natural  earth  objects  and  backgrounds  is  the 
ultimace  objective  toward  which  this  research  effort  was  directed.  It  was 
planned  that  this  effort  would  produce  quality  data  and  techniques  for  analyses 
to  derive  signs  lures .  The  data  contained  in  the  Appendices  of  this  report 
and  the  films  from  the  spectral  camera  and  infrared  scanner  attest  to  the 
successful  data  collection.  Only  one  other  such  data  bank  is  known  to  exist. 

(Ref.  10)  The  establishment  of  spectral  signatures  for  water,  soil  and  vegetation 
confirms  the  value  rf  the  quantitative  analytical  techniques  for  deriving 
spectral  signatures. 

4.1  Spectral  Irradiance 


On  this  effort  CAL  measured  the  relative  irradiance  changes  throughout 
the  test  period.  Figure  2  shows  the  results  of  these  measurements  compared 
to  a  spectral  irradiance  curve  used  by  others  (Ref.  13).  The  details  of 
how  these  curves  were  derived  are  presented  in  Appendix  A.  In  deriving  ground 
object  spectral  reflectance  from  film  image  density  the  difference  in  density 
between  an  object  of  known  reflectance  and  an  object  of  interest  is  measured 
as  described  in  detail  in  Section  4.2.6.  As  long  as  both  images  are  on  the 
same  frame  of  photography  and  both  in  sunlight,  the  irradiance  on  both  is 
essentially  the  same,  and  therefore  does  not  affect  the  measurement  of  relative 
reflectance.  However  if  the  image  of  known  reflectance  occurs  in  one  frame 
and  the  image  of  interest  is  on  a  previous  or  subsequent  frame  irradiance 
conditions  could  change  and  thus  effect  the  measure  of  relative  reflectance. 

The  relative  change  in  irradiance  not  the  salute  change  is  significant. 
Therefore,  the  relative  changes  in  spectral  irradiance  for  each  wavelength 
band  were  determined  from  the  data  for  Figure  2  for  corresponding  changes 
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in  total  irradiance.  As  shown  in  Figure  3  the  changes  in  spectral  irradiance 

tend  to  follow  the  45°  correlation  line,  but  variations  as  large  as  a  factor 

of  2  occur  which  could  result  in  errors  of  the  same  magnitude  in  reflectance 

calculations  based  upon  a  one  to  one  correlation  between  changes  in  spectral 

irradiance  and  total  irradiance.  In  plotting  these  data  it  was  noted  that 

in  the  blue  region  of  the  spectrum  (♦)  practically  all  points  fell  above 

the  one  to  one  correlation  line  suggesting  that  corrections  to  be  used  in 

deriving  ground  object  reflectance,  and  based  upon  a  measurement  of  a  change 

in  total  irradiance  would  always  be  in  one  direction.  Beyond  0.45^/  ,  each 

band  appeared  to  be  below  the  correlation  line  for  small  changes  in  total 

irradiance  at  low  irradiance  levels  and  above  the  line  for  changes  greater 

than  .50  at  high  total  irradiance  levels.  Changes  in  total  irradiance  greater 

2 

than  .5  at  total  irradiance  levels  on  the  order  of  300  watts/  m  or  less 
appear  to  lower  the  curve  for  high  level  irradiance  so  that  all  points  fall 
below  the  correlation  line.  The  only  spectral  irradiance  band  in  which  changes 
in  spectral  irradiance  correlated  well  with  changes  in  total  irradiance  was 
the  .65  j  band  at  high  levels  of  total  irradiance.  Each  set.  of  wavelength 
dependent  data  plotted  in  Figure  3,  is  replotted  in  separate  figures  (A  4 
through  A  11)  in  Appendix  A. 

Because  only  a  limited  analysis  could  be  undertaken  of  the  irradiance  data 
collected  the  statistical  validity  of  the  results  given  above  can  be  challenged. 

However,  in  view  of  the  present  trend  toward  the  development  of  multispectral 
remote  sensing  systems  for  obtaining  information  pertinent  to  earth  objects 
and  backgrounds,  it  is  necessary  that  the  effects  of  changes  in  irradiance 
be  evaluated  fully  to  design  a  workable  analysis  system.  Therefore  it  is 
recommended  that  research  be  undertaken  to  establish  the  degree  to  which 
the  results  above  can  be  generalized  for  other  geographic  areas,  times  of 
day  and  sky  conditions. 
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total  irradiance 


4 . 2  Spectral  Reflectance  of  Natural  Earth  Objects  and  Backgrounds 


As  pointed  out  in  Section  2,  studies  over  the  years  have  shown  that 
natural  earth  objects  do  exhibit  spectral  reflectance  differences  which 
are  of  significance  in  terrain  analysis.  Therefore,  many  research  efforts 
have  been  undertaken  with  the  ultimate  objective  of  developing  a  remote  sensing 
system  to  exploit  these  differences.  Mos^  of  these  efforts  have  concentrated 
on  only  one  or  a  few  of  the  numerous  factors  which  affect  the  image  density 
of  an  object  on  aerial  film  so  that  results  have  been  highly  qualified.  By 
far  the  greatest  number  of  these  efforts  concentrated  on  the  measurement 
of  object  reflectance.  Initially,  such  measures  were  made  in  the  laboratory 
because  no  field  spectrometers  existed.  Such  instruments  were  built,  but 
correlation  of  field  measures  to  laboratory  measures  were  infrequent.  In 
1966,  measurements  of  the  reflectance  cf  ground  objects  from  the  densities 
of  images  on  spectrally  filtered  photographs  were  made  by  CAL  (Ref.  1).  The 
precision  of  these  measurements  was  established  as  ±  6%  of  the  mean  value 

of  reflectance.  In  addition,  this  previous  effort  demonstrated  the  primary 
reasons  for  lack  of  correlation  between  measurements  of  object  reflectance 
from  film,  in  situ  and  in  the  laboratory. 

The  two  major  factors  causing  the  lack  of  correlation  are  inherent  differences 
in  the  basic  geometries  of  the  measuring  systems  and  of  the  surfaces  of  the 
natural  objects  of  interest.  Under  the  present  effort,  where  possible,  object 
reflectance  was  measured  in  the  laboratory,  in  situ  and  from  image  densities 
on  filtered  film  exposed  in  an  Itek  multiband  spectral  <-amera.  These  data 
ar«  included  in  Appendix  B. 

4.2.1  Geometric  Differences  in  Measurements 

Magnesium  oxide  is  the  accepted  standard  for  reflectance  measurements 
because  its  reflectance  is  high  (-~98!0,  it  is  nearly  independent  of  wavelength 
and  it  is  nearly  a  diffuse  reflector  (i.e.,  reflections  from  its  surface 
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obey  Lambert's  law  (Ref.  11). 


However,  natural  earth  objects  are  generally  not  diffuse  reflectors 
and  therefore  their  reflectance  is  dependent  upon  the  geometry  of  the  source, 
object  surface  and  detector.  Therefore,  measurements  of  object  reflectance 
(Ref.  12)  at  all  source  and  detector  angles  relative  to  the  surface  are  required 

! 

to  define  fully  the  reflectance  properties  of  an  object.  The  complexity  of  j 

I 

a  device  for  making  such  measurements  with  the  precision  of  existing  reflectance 
instruments  and  the  limited  market  for  its  use,  has  led  manufacturers  to 
more  or  less  standardize  the  geometry  of  source .surface  and  detector  and 
utilize  an  integrating  sphere  to  collect  all  of  the  reflected  energy  from 
the  surface,  which  yields  a  single  number  for  total  reflectance.  Some  manufacturers 
provide  a  means  for  deflecting  most  of  the  specular  component  out  of  the 
system  which  then  yields  a  measure  of  near  total  diffuse  reflectance.  The 
geometry  of  the  natural  object,  within  the  ground  resolution  clement  of  j 

the  aer.  al  camera  system,  influences  the  apparent  reflectance  of  objects 
as  determined  from  image  density  on  film. 

In  general  then,  the  geometry  of  the  small  surface  areas  sampled  by 
the  laboratory  equipment  are  not  representative  of  the  geometry  of  the  surface 
areas  sampled  by  the  resolution  element  of  a  spectral  camera  system  or  an 
in  situ  field  system.  Thus  strictly  on  the  basis  of  geometric  differences 

I  . 

in  measuring  systems,  there  is  no  reason  to  expect  spectral  reflectance  values  , 

determined  in  the  laboratory,  in  situ,  and  from  aerial  image  density  to  correlate 

well.  However,  if  the  factors  causing  the  apparent  differences  in  object 

conditions  are  defined,  correlations  will  be  possible.  Therefore,  three 

basic  experiments  were  conducted  on  vegetation  and  soil  samples  in  the  laboratory 

j 

to  determine  the  effect  of  combinations  in  a  finite  sample  area  and  the 
effect  of  background  on  the  apparent  reflectance  of  vegetation.  These  experiments 
are  described  briefly  in  sections  4,2.2,  4.2.3,  and  4.2.4. 
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4.2.2  Soil-Vegetation  in  Fixed  Sample  Area 


The  energy  received  by  an  aerial  camera  and  converted  to  an  image  density 
depends  on  the  reflectance  properties  of  objects  within  the  ground  resolution 
element  of  the  system.  Assuming  the  camera  system  has  a  ground  resolution 
element  of  area  ^  the  total  energy  reflected  by  several  different  objects 
in  the  sample  area  can  be  expressed  as  follows; 

HR  Ar  .  HR,  A  ’  H  *  RR.-K 

where  II  *  irradiance  on  area 
A  ■  area 

R  =  reflectance 

and  the  subscripts  refer  to  different  objects.  Then  the  average  reflectance 
can  be  expressed  as: 

R  -•  —  r,  +  ** 

Ar  Ar  1  Ar 

To  check  the  validity  of  this  expression,  a  milk  weed  leaf  was  placed 
in  the  sample  holder  of  a  Beckman  UK  spectrophotometer  and  was  backed  by 
an  alluvial  soil  sample.  The  area  Ar  now  becomes  the  sampling  area  of  the 
spectrometer.  Reflectance  was  measured  with  the  soil  surfa.  completely 
covered,  25%  exposed,  50%  exposed  and  75%  exposed  and  finally  100%  exposed. 

The  results  are  shown  in  Figure  4  where  the  continuous  curves  are  measured 
on  the  Beckman  spectrometer  and  the  computed  values  are  shown  as  points . 

As  can  be  seen  from  the  figure,  excellent  agreement  is  achieved  from  .5/'- 
.6^/  ;  however,  considerable  disagreement  is  noted  in  the  far  red  (0.6^  - 
°*V  )  and  the  near  infrared  (0.7^u  -0.8^  )  regions. 

A  second  test  was  conducted  using  a  beach  sand  as  a  backing  for  a  second 
milkweed  leaf  sample.  Very  similar  results  were  obtained  as  illustrated  in  Figure 
5.  Within  the  visible  region  of  the  spectrum  (0.4 - 0. )  the  basic  vegetation 
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curves  are  (100%  solid  line)  identical  within  the  precision  of  the  spectrophotometer. 
Over  the  near  infrared  (0.7^  -0.8^),  the  curve  is  on  the  order  of  3-4% 
higher  than  the  curve  shown  in  Figure  4  This  is  attributed  to  a  difference 
in  the  transmittances  of  the  two  leaf  samples  in  this  spectral  region  and 
therefore  indicates  the  need  to  consider  the  transmittance  of  vegetation 
in  determining  the  true  reflectance  of  vegetation  from  spectral  films. 

Both  Figures  4  and  S  illustrate  the  effect  on  spectral  reflectance  of 
having  two  different  types  of  objects  in  the  ground  resolution  element  of 
the  spectral  camera  system.  In  the  case  of  the  alluvial  soil,  a  significant 
spectral  difference  occurs  in  the  band  near  O.SS^  because  the  reflectance 
of  the  soil  is  approximately  half  that  of  vegetation.  However,  in  the  case 
of  the  beach  sand,  this  reflectance  value  is  nearly  equal  to  that  of  the 
leaf  in  this  spectral  region  (0.54^)  but  significant  differences  occur  below 
.52yu  and  beyond  0. SSyu  between  the  soil  and  vegetation  curves.  Such  differences 
might  be  utilized  to  differentiate  between  the  two  soil  types,  provided  vegetation 
type  and  distribution  were  the  same,  however  the  effects  of  soil  moisture 
conditions  must  be  considered.  These  effects  are  discussed  in  Section  4.2,4. 

The  differences  between  predicted  values  of  reflectance  and  measured 
values  are  attributed  primarily  to  having  to  remove  the  sample  from  the  spectrometer 
for  each  measurement,  in  order  to  remove  1/4,  1/2,  and  3/4  of  the  leaf  sample. 

Thus  slightly  different  areas  of  soil  were  exposed  each  time,  and  the  surface 
structure  change  can  easily  cause  the  differences  noted.  Nevertheless,  both 
curves  indicate  that  the  effect  of  two  dissimilar  objects  in  the  aperture 
is  to  yield  an  area  weighted  average  value  of  reflectance. 
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4.2.3  Vegetation  Transmission 


As  indicated  in  the  previous  section,  vegetation  transmits,  (.Ref.  13) 
as  well  as  reflects,  energy  in  the  near  infrared.  To  illustrate  this  point, 
milkweed  leaves  were  stacked  over  a  backing  of  alluvial  soil  in  layers  of 
varying  thickness  and  the  reflectance  values  were  measured.  The  resultant 
curves  are  shown  in  Figure  6. 

Leaves  generally  absorb  energy  in  the  visible  region  of  the  spectrum 
(0.4-0. 1  )  to  carry  out  their  photosynthesis  process,  in  the  .!/</-  .9^' 

region  less  than  1 01  of  the  incident  energy  is  absorbed  so  that  reflected 
and  transmitted  energy  is  generally  appreciable  (i.e.  30-60%).  The  transmitted 
energy  is  then  reflected  according  to  the  properties  of  the  backing  surface. 

Upon  reaching  the  bottom  surface  of  the  leaf,  some  is  transmitted  through 
to  be  added  to  the  first  reflection  and  some  is  reflected  back  to  the  second 
surface  for  additional  reflection,  transmission  and  absorption.  However, 
as  the  curves  in  Figure  6  show,  a  limit  is  reached  rapidly.  Since  the  aerial 
sensor  looks  down  on  vegetation  it  essentially  looks  at  stacks  of  leaves. 
Therefore,  if  in  real  life  the  crowns  of  broad  leaf  trees  and  shrubs  have 
at  least  the  minimum  number  of  stacked  leaves  to  reach  this  limiting  reflectance 
and  the  average  number  of  holes  in  the  crowns  are  the  same  in  the  ground 
resolution  element  of  the  camera  system,  the  reflectance  as  derived  from 
the  image  density  or  filtered  film  should  be  a  constant. 

Data  such  as  the  average  number  of  leaves  in  a  vertical  profile  of  tree 
crowns  and  the  average  number  and  size  of  holes  in  the  crowns  is  not  normally 
obtained  in  a  forest  survey  and  was  beyond  the  scope  of  this  effort.  Therefore, 
the  assumptions  regarding  these  properties  of  veget  ition  cannot  be  substantiated. 

The  only  evidence  that  can  be  presented  at  this  time  which  tends  to 
substantiate  these  assumptions  is  given  in  Section  5,  Signatures  of  Earth 
Objects  and  Background,  where  the  majority  of  broad  leaf  vegetation  is 
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eliminated  from  an  aerial  photographic  scene  by  using  the  reflectance  properties 
of  the  vegetation  in  a  spectral  band  in  the  visible  and  one  in  the  near  infrared. 
This  would  not  be  possible,  if  the  reflectance  properties  of  these  large 
areas  of  different  types  of  vegetation  were  not  the  same  in  the  two  bands, 
as  measured  by  the  density  of  their  images  on  the  two  films. 

Inasmuch  as  the  terrain  analyst  in  comparing  sites  for  facilities  developmen 
generally  encounters  vegetation  and  mutt  consider  its  potential  as  a  construction 
material,  the  cost  of  removal,  the  type  of  equipment  required  and  many  other 
factors,  additional  research  into  how  multi-band  sensing  can  assist  him  is 
recommended. 

4.2.4  Soil  Moisture  and  Granularity 

Judgments  of  soil  moisture  and  granularity  (surface  texture)  are  commonly 
made  by  photo  interpreters.  .Moisture  is  judged  by  tonal  differences  in  soil 
images,  whereas  granularity  is  judged  by  the  edge  gradient  of  soil  areas 
which  have  been  subject  to  erosion  and  the  number  and  patterns  of  surface 
drainage  features  present  (Refs.  14,  IS).  Both  moisture  and  granularity 
are  terrain  properties  of  major  significance  with  respect  to  site  selection 
and  engineering  evaluation  because  of  their  relationship  to  the  bearing  strength 
of  soil  and  the  usefulness  of  soil  as  a  construction  material. 

Because  of  the  general  agreement  of  interpreters  that  soil  moisture 
variations  are  more  readily  identified  by  their  uniquely  dark  tones  on  near 
infrared  photographs  tnan  on  conventional  visible  light  photographs  it  appears 
that  multi  band  photographs  might  yield  a  means  of  obtaining  a  signature 
for  soil  moisture. 

The  spectral  reflectance  characteristics  of  soil  samples  collected  during 
the  field  exercises  in  Puerto  Rico  were  measured  on  a  Beckman  DK-2A  spectro¬ 
photometer.  The  measurements  were  made  on  both  wet  and  dry  soil  samples. 


The  results  agreed  well  with  published  data  (4),  and  confirmed  that  when 
moisture  is  added  to  a  soil  its  reflectance  is  reduced.  Appendix  B  contains 
tables  of  these  data  and  the  scientific  literature  contains  more  such  data. 

On  this  effort,  however,  limited  experiments  and  analyses  were  conducted 
which  have  resulted  in  a  new  hypothesis  for  determining  remotely  differences 
in  soil  surface  moisture  content  and  structure,  which  may  be  related  to  sub¬ 
surface  moisture  content  and  granularity. 

To  determine  w'nar  happens  to  the  reflectance  properties  of  a  soil  when 
water  is  added  a  dry  sample  of  sand  was  placed  in  the  magnesium  carbonate 
standard  position  in  the  Beckman  DK-2A  spectrophotometer.  A  second  sample 
was  placed  in  the  sample  position,  both  in  bottle  holders.  Several  measure¬ 
ments  were  made  and  the  sample  shifted  in  position  to  obtain  a  constant  output 
of  1001,  which  indicated  the  samples  were  therefore  identical  even  with  respect 
to  surface  structure.  Water  was  then  added  to  the  sample  bottle  and  the  lower 
cur-'e  shown  in  Figure  7  was  obtained. 

The  fact  that  the  largest  difference  occurs  in  the  blue  green  rather  than 
the  near  infrared  indicates  that  absorption  is  not  the  major  mechanism  causing 
the  change  in  reflectance,  but  instead  a  dispersion  effect  must  be  the  cause. 

It  was  also  not  d  that  the  ratio  of  reflectance  at.  0.30  microns  was  appre¬ 
ciably  lower  than  the  ratio  at  0.80  microns  at  which  point  a  maximum  occurred. 
Ratios  were  therefore  computed  for  two  other  soils,  gravel  1 v  clav  and 
fine  sand,  and  the  resultant  curves  are  shown  on  Figure  7,  and  as  expected 
do  fol  .  the  measured  ratio  curve. 

Thus,  if  a  terrain  analyst  judges  two  areas  of  the  same  soil  have  different 
image  densities  because  of  differences  in  surface  moisture  content,  given 
the  proper  equipment,  he  can  measure  the  spectral  reflectance  ratios  from 
multi-band  image  densities  and  determine  quantitatively  whether  or  not 
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the  ratios  follow  the  shape  of  the  reflectance  ratio  curve. 


Since  the  observed  density  difference  could  also  be  caused  by  differences 
in  surface  structure,  or  differences  in  the  amount  of  vegetation  present 
it  is  necessary  to  determine  how  such  differences  behave  spectrally  in  order  to 
determine  which  is  the  cause  of  the  differences  in  the  image.  In  the  case  of 
vegetation,  as  can  be  seen  from  Figures  4  and  S  of  Section  4.2.2,  several 
interesting  changes  in  the  spectral  reflectance  ratios  of  two  apparent  soil 
areas  of  different  densities  on  panchromatic  film  (0.40^  -  0.68^.  )  can  occur. 
First,  if  the  soil  is  a  high  reflectance  soil  such  as  the  beach  sand  shown  in 
Figure  S  the  vegetation  will  cause  a  maximum  to  occur  in  the  spectral  ratios 
at  0.S5  microns  whereas  a  minimum  will  occur  at  about  .OS  microns.  In  the  case 
of  a  low  reflectance  soil  such  as  the  alluvium  shown  in  Figure  4  a  maximum 
will  still  occur  at  .SS  microns,  however,  it  will  be  greater  than  1.0  because  the 
soil  reflectance  is  lower  than  the  vegetation  reflectance  in  this  band,  The 
minimum  will  still  occur  at  0.68  microns  regardless  of  soil  type,  because  this 
is  the  major  chlorophyl  absorption  band  for  vegetation,  where  reflectance  is 
generally  always  lower  than  for  any  other  object.  Therefore,  to  determine 
whether  or  not  vegetation  is  the  cause  of  the  density  difference  the  interpreter 
observed  between  the  two  images  he  believes  to  be  soil  areas  he  can  compute 
the  ratios  of  reflectances  in  the  ,6S  micron  band  and  the  .75  or  0.80  micron 
band  for  multi-band  negatives  and  if  the  latter  is  greater  than  1.0  and  the 
former  less  than  1.0  he  is  sure  vegetation  is  the  cause.  Recall  that  in  the 
case  of  moisture  differences  the  ratio  in  blue  and  red  bands  will  be  less 
than  1 . 

The  granularity,  or  more  realistically  speaking,  the  surface  structure  of 
soil,  also  alters  the  apparent  density  or  tone  of  a  soil's  image  on  aerial 
photographs.  The  coarser  the  surface  structure,  the  more  light  traps  are 
present,  and  the  lower  the  apparent  reflectance  of  the  surface.  This  is 
illustrated  in  Figure  8  where  the  diffuse  reflectance  of  graded  aggregates 
from  n  gravelly  clay  sample  was  measured.  A  sample  of  silty  clay 
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was  also  subjected  to  this  same  treatment  with  the  same  effect  was  noted. 
Therefore,  it  was  assumed  that  the  effects  was  independent  of  the  soil  type. 

To  validate  this  assumption,  the  ratios  of  the  spectral  reflectance  of  each  of 
the  graded  aggrates  in  sieves  1  (/..2mm),  2  (1  m  rye.  ~  2  rv>  t-i  ),  3  (0  .  S  m  m  -  lrrtrt>  • 

4  (0.2Smm  -  0.5mm)  and  S  (  0.125mm-  0.25mm)  to  the  spectral  reflectance 
of  the  smallest  graded  aggregate  in  sieve  6  (0.125 -  0.062m«J  were 
computed  for  both  soils.  If  the  assumption  of  independence  with  respect  to  soil 
type  is  valid  these  ratios  of  reflectance  should  be  equal  for  each  soil  type. 

The  results  are  presented  in  table  I  below.  In  addition,  if  the  ratios  for  the 
silty  clay  are  plotted  against  the  corresponding  ratios  for  the  gravelly  clay 
soil  they  should  fall  along  the  one  to  one  correlation  line  as  shown  in  Figure 
9.  Considering  the  limited  data  sampled  and  the  fact  that  even  after  sieving 
a  soil  sample  there  is  a  distribution  of  aggregate  sizes  within  each  graded 
sample,  the  correlation  of  ratios  suggests  that  indeed  the  effect  of  soil 
structure  on  soil  reflectance  is  independent  of  soil  type.  These  results 
also  suggest  but  do  not  prove  that  the  density  differences  caused  by  structure 
is  independent  of  wavelength  for  small  differences,  but  wavelength  dependent 
for  large  differences. 
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SILTY  CLAY 

GRADED  AGGREGATE  REFLECTANCE  RATIO 
IN  PERCENT 
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GRAVELLY  CLAY 

GRADED  AGGREGATE  REFLECTANCE  RATIO 
IN  PERCENT 


Figure  9  CORRELATION  OF  REFLECTANCE  RATIOS  FOR  GRADED 
AGGREGATES  OF  TWO  DIFFERENT  SOIL  TYPES 


Table  I  Ratios  of  Spectral  Reflectance  for  Graded  Aggregates 
of  Two  Different  Soil  Types 


Silty  Clay  Gravel ly  Clay 


Sieve  Nos. 

Wavelength 

S/6 

4/6 

3/6  2/6 

Spectral 

1/6 

Ratio  in 

S/6 

Percent 

4/6 

3/6 

2/6 

1/6 

.SO 

0.86 

0.7S 

0.71 

0.68 

0.61 

0 . 85 

0.75 

0.80 

0.75 

0.70 

.SS 

0.87 

0.73 

Q .  70 

0.67 

0.60 

0.84 

0.71 

0.71 

0.68 

0.61 

.60 

0.91 

0.72 

0.69 

0.66 

0.59 

0.87 

0.74 

0.71 

0.66 

0 . 58 

.65 

0.88 

0.73 

0.68 

0.68 

0.S6 

0.83 

0.71 

0.69 

0.64 

0.57 

.70 

0.86 

0.7S 

0.69 

0.69 

0.56 

0.87 

0.72 

0.70 

0.63 

0.57 

.  7S 

0.90 

0.74 

0.69 

0.67 

0.54 

0.87 

0.72 

0.68 

0.62 

0.56 

.80 

0.88 

0.74 

0.69 

0.67 

0.52 

0.86 

0.72 

0.66 

0.62 

0.55 

.85 

0.89 

0.7S 

0.68 

0.68 

0.52 

0.85 

0.72 

0.66 

0.62 

0.55 

.90 

0.89 

0.74 

0.67 

0.70 

0.52 

0.85 

0.70 

0.66 

0.62 

0.55 

Ratio  of 
Sieve  Sizes 

2 

4 

8 

16 

32 

2 

4 

8 

16 

32 

Therefore  to  determine  whether  two  soil  images  differ  because  of  surface 
moisture  or  structure,  one  merely  measures  the  spectral  ratios  of  the  two 
soil  images  in  the  blue  region  of  the  spectrum  and  the  near  infrared  spectrum 
as  described  previously  for  moisture.  If  the  latter  is  larger  than  the 
former,  the  cause  is  moisture,  whereas  structure  will  result  in  equal  ratios 
or  a  larger  ratio  in  the  blue  than  in  the  near  infrared.  For  differences 
caused  by  vegetation  a  red  and  near  infrared  band  are  used  and  the  ratio 
will  be  less  than  one  in  the  red  and  greater  than  one  in  the  near  infrared. 
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Once  the  cause  of  the  tonal  difference  is  determined,  the  absolute  value 
of  the  ratios  become  significant.  It  appears  from  the  data  in  Table  I  that 
for  granularity,  a  ratio  on  the  order  of  0.85  to  0.90  indicates  a  factor 
of  2  difference  in  granularity,  a  ratio  of  0.70  to  0.75  of  factor  of  4;  a 
ratio  of  0.65-0.70  a  factor  of  8;  a  ratio  of  0.60-0. 65  a  factor  of  16  and 
a  ratio  of  0.55  to  0.60  a  factor  of  32. 

It  appears  that  indeed  multiband  quantitative  analyses  can  yield  signifi¬ 
cant  data  for  the  terrain  analyst  with  respect  to  soil  moisture  and  surface 
structure  (granularity).  The  key  appears  to  lie  in  the  understanding  of 
the  ratios  of  reflectance  changes  across  the  visible  spectrum,  not  the  absolute 
values.  The  results  of  this  limited  analysis  are  indeed  encouraging  and 
indicate  additional  research  ii  warranted. 

4.2.5  The  3-5  Micron  Spectral  Region 

The  3-5  micron  spectral  region  in  the  infrared  can  provide  the  Air 
Force  terrain  analyst  with  useful  information  relative  to  the  thermal  properties 
of  natural  earth  objects  and  backgrounds.  Maps  based  on  data  collected  in 
the  3-5^’  spectral  band  showing  evidence  of  emissions  in  regions  having  hot 
springs  or  volcanic  activity  are  presently  a  reality.  However,  because  of 
a  lack  of  knowledge  of  the  emissivity  properties  of  terrain  features  and 
the  effects  of  the  atmosphere,  moisture  content  and  geometric  structure  on 
the  recorded  imagery  the  full  value  of  the  information  sensed  is  being  limited. 

The  quantitative  analysis  approach  used  on  the  multiband  photographic 
system  if  applied  to  the  data  from  the  3-5  micron  region  offers  a  means  of 
acquiring  the  knowledge  necessary  to  utilize  fully  the  information  contained 
in  this  band.  As  with  the  multibanJ  photographic  system  controls  are  required 
to  relate  image  density  to  radiance.  Appendix  D  describes  ir.  detail  CAL's 
approach  to  establishing  the  required  controls.  Sufficient  analysis  of  the 
data  has  been  done  to  verify  that  the  control!  used  during  the  field  tests 
in  Puerto  Rico  were  adequate. 
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Two  water  trays  (20  feet  by  20  feet  by  4  inches)  were  used  as  control 
targets  (objects  of  known  radiance)  in  the  field.  A  3°C  temperature  difference 
was  maintained  between  them  during  data  collection  periods.  The  analysis 
indicates  that  a  significantly  larger  difference  is  desirable  to  improve 
the  precision  of  the  derivation  of  the  image  density  -  object  radiance  relationship. 

The  fact  that  controls  were  established,  under  field  conditions,  which 
would  allow  a  quantitative  assessment  of  earth  object  radiance  in  this  spectral 
region  is  a  significant  achievement  toward  the  objective  of  full  utilization 
of  the  information  contained  in  the  3-5  micron  spectral  region. 

4.2.6  Reflectance  Standards 


The  terrain  analyst  is  primarily  interested  in  tonal  differences  between 
two  otherwise  similar  images  and  the  area  extent  of  the  differences.  These 
differences  represent  such  factors  as  the  amount  of  timber  requiring  clearing, 
good  timber  for  construction,  area  of  shrub  versus  trees,  distribution  of 
surface  moisture,  distribution  of  rock  outcrops,  distribution  of  near  surface 
rock,  and  many  others.  Many  of  these  differences  are  expected  to  have  spectral 
signatures  but  are  either  too  subtle  for  the  interpreter  to  detect  or  if 
detectable  are  used  only  for  a  qualitative  judgment  of  their  significance. 

Therefore,  he  must  be  aided  by  the  use  of  a  spectral  densitometric  analysis 
procedure  which  standardizes  the  properties  of  objects  he  recognizes,  presents 
enhanced  visual  displays  of  the  subtle  densitometric  differences,  and  allows 
a  quantitative  measurement  of  the  observed  differences.  Quantitative  spectral 
reflectance  data  can  be  derived  from  photographic  imagery  by  an  absolute 
method  which  requires  an  absolute  measure  of  the  spectral  irradiance  on  an 
object,  an  absolute  measure  of  the  attenuation  of  the  reflected  energy,  by 
the  atmosphere,  the  camera  system,  the  film  processing  system,  and  the  densitometric 
analysis  system.  On  the  other  hand,  quantitative  spectral  reflectance  data 
can  also  be  derived  from  photographic  imagery  by  a  relative  method,  provided 
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the  reflectance  properties  of  some  objects  appearing  in  the  photographic 
scene  are  known.  The  latter  is  the  most  practical  method  because,  it  eliminates 
the  need  for  measurement  of  spectral  irradiance,  the  need  for  an  absolute 
measurement  of  atmospheric  attenuation,  sensor  attenuations  and  processing 
attenuations,  because  the  object  whose  reflectance  is  known  is  imaged  simultaneously 
with  the  unknown  objects  of  interest.  Unfortunately,  the  reflectance  properties 
of  natural  objects  which  occur  in  an  aerial  photographic  scene  are  not  known 
with  any  degree  of  precision.  Therefore,  present  data  collection  efforts 
are  forced  to  use  man  made  objects  such  as  painted  panels  of  known  reflectance 
as  reflectance  standards  in  deriving  quantitative  object  reflectance  from 
film  image  densities. 

Vegetation,  soil  and  water  are  the  most  common  natural  objects  occuring 
on  aerial  photographic  scenes  of  interest  to  the  terrain  analyst.  Therefore, 
these  are  logical  natural  earth  objects  to  use  in  deriving  the  reflectance 
of  other  earth  objects  of  interest  or  variations  of  other  images  of  soil 
vegetation  and  water  from  the  standard  images  in  the  scene. 

It  is  first  necessary  to  prove  that  the  spectral  reflectance  properties 
of  a  number  of  vegetation,  soil  and  water  body  types,  as  measured  from  aerial 

film  density  and  which  the  terrain  analyst  can  recognize  reliably  from  aerial 

photography  are  identical  within  the  limits  of  precision  set  by  the  present 
state-of-the-art  of  remote  sensing  and  sensitometric  dcnsitometric  analysis 
systems , 

Because  of  the  broad  scope  and  limited  analysis  of  this  effort  conclusive 
proof  of  the  assumption  above  could  not  be  obtained,  although  additional 
evidence  of  its  validity  was  obtained.  In  Section  4.2.3  it  was  show.,  that 
in  the  infrared  region  the  reflectance  of  stacked  leaves  approaches  a  limiting 

value,  suggesting  that  in  using  an  aerial  sensing  system  to  measure  reflectance 

many  broad  leaf  trees  will  have  identical  reflectance  in  the  near  infrared. 

From  Section  4.2.4,  the  effect  of  surface  moisture  on  soil  was  shown  to  be 
independent  of  soil  type  as  was  the  effect  of  surface  structure  on  soil 


32 


reflectance.  The  effects  of  moisture  and  structure  with  respect  to  tree 
crown  reflectance  should  also  be  investigated  experimentally  to  establish 
whether  these  factors  are  also  independent  of  vegetation  type. 

From  reflectance  data  on  soil  and  vegetation  in  the  open  literature, 
as  well  as  data  measured  by  CAL,  there  is  additional  evidence  that  these 
two  terrain  features  may  indeed  be  useful  as  standards.  Reflectance  data 
on  leaf  type  from  a  variety  of  tree  types,  from  different  geographic  areas, 
and  measured  by  several  different  investigators  over  a  span  of  twenty-two 
years  were  averaged  and  their  one  sigma  derivations  in  spectral  reflectance 
computed.  Available  soils  data  was  treated  similarly.  The  resultant  curves 
are  shown  in  Figure  10,  and  the  raw  data  is  presented  in  Tables  II  and  III. 

It  should  be  noted  that  for  the  vegetation  data  of  Table  II  single  leaf 
samples  rather  than  stacks  were  probably  measured,  accounting  for  the  annarently 
equal  reflectance  between  sand  and  vegetation  in  the  near  infra  (0.70-0.90 
microns).  In  Figure  10  in  the  case  of  reflectance  measurements  from  spectral 
films  it  is  expected  that  the  reflectance  of  vegetation  in  this  region  of  the 
snectrun  will  be  significantly  higher  due  to  the  transmission  properties  of 
vegetation  as  explained  in  section  4.2.3. 

The  fact  that  it  was  possible  to  select  data  from  these  diversified 
measurements  of  ’"cflectanre  which  yielded  an  average  reflectance  with  deviation 
no  larger  than  30'i  of  the  average,  suggests  that  with  appropriate  classifications 
of  vegetation  and  soil,  standard  reflectance  curves  can  be  developed.  Such  a 
task,  however,  is  beyond  the  scope  of  this  effort,  but  is  definitely  warranted. 

For  the  3-S  micron  region  standards  are  required,  having  known  emis- 
sivities  and  surface  temperatures, in  order  to  account  for  atmospheric  attenu¬ 
ations  and  to  relate  image  density  to  object  radiance.  Water  bodies  arc 
likely  candidates  for  emissivity  standards,  with  associated  temperature  measurements 
made  by  the  use  of  an  airborne  8-14  micron  radiometer  or  dropable  devices. 
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WAVELENGTH  IK  MICRONS 
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NATURAL  STANDARDS 


Table  II 

VEGETATION  REFLECTANCE  IN  PERCENT 
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4.3  Sensor  Limitations 


As  indicated  in  Section  3.0,  the  sensor  system  itself,  if  uncalibrated, 
can  introduce  sufficient  error  to  eliminate  all  possibilities  of  obtaining 
a  film  record  which  can  be  analyzed  quantitatively  for  the  significant  differences 
in  terrain  reflectance. 

The  Itek  Model  002  Nine  Lens  Multi -band  camera  which  was  used  on  this 
effort  was  tested  prior  to  use  in  the  field  to  determine,  as  closely  as  possible, 
the  precision  which  could  be  expected  in  ground  object  spectral  reflectance 
determination  from  a  densitometric  analysis  of  its  film  records.  The  results 
of  this  test  indicated  that  a  precision  on  the  order  of  ±  b“t  of  the  mean 
measured  reflectance  could  be  achieved.  This  was  based  upon  the  repeatability 
of  the  focal  plane  shutter  across  the  film  format.  The  details  of  the  test 
are  presented  in  Appendix  C. 

The  M1AI  infrared  scanner  used  on  this  effort  is  designed  to  obtain 
high  quality  records  for  qualitative  analysis.  The  major  problem  with  respect 
to  its  use  to  obtain  film  records  for  a  quantitative  analysis  relates  to 
t lie  circuitry  utilized  in  signal  prc-anpl i f ication .  The  modulation  of  the 
CRT  spot  which  exposes  the  recording  film  is  a  function  of  the  voltage  difference 
between  the  instaneous  signal  received  at  the  detector  and  a  stored  voltage 
level  for  the  previous  scan  lines (Ref.  17).  Thus  the  density  produced  is 
a  function  of  the  average  scene  radiance  and  should  this  change  appreciably, 
us  from  water  to  land,  the  pre-amplifier  will  shift  to  maintain  a  pre-set 
voltage  range  to  the  CRT. 

To  account  for  this  occurence,  a  constant  stepped  voltage  generator 
was  constructed  to  place  a  pre-amplifier  voltage  -  density  calibration  wedge 
on  the  film  record  before  and  after  each  data  run,  and  is  described  in  detail 
in  Appendix  H . 
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The  details  of  the  entire  procedure  for  sensing  in  the  3-5  micron  region 
using  the  MIAI  scanner  are  presented  in  Appendix  0.  Sensor  technology 
is  improving  at  a  rapid  rate,  however,  it  should  he  guided  by  improvements 
in  analysis  technology.  The  results  of  this  effort  indicate  a  quantitative 
analysis  approach  to  terrain  evaluation  is  more  than  feasible.  However, 
design  criteria  for  sensors  must  change  from  obtaining  a  record  which  the 
interpreter  will  analyze  qualitatively  to  obtaining  a  record  from  which  object 
radiance  can  be  easily  related  to  image  density. 
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Tiie  concept  of  spectral  signatures  of  earth  objects  and  backgrounds 
is  often  narrowly  considered  to  be  the  ability  to  measure  the  spectral  reflectance 
properties  of  objects  remotely  and  correlate  them  with  in  sit:;  or  laboratory 
measurement:.  Under  this  effort  such  comparisons  were  made  with  results 
ranging  from  good  correlation  to  essentially  no  correlation.  Such  results 
were  expected  considering  the  effects  of  object  surface  structure  and  condition 
upon  apparent  reflectance  as  well  as  the  difference  in  the  basic  geometry 
of  the  instruments  used  to  measure  the  reflectance  properties.  The  best 
of  the  comparisons  was  for  an  area  of  sand  (Ref.  16)  on  a  stabilized  hcnrh 
as  sh~'  n  i  n  Fi  g'trc  1 1  . 

The  sample  used  for  the  laboratory  measurements  was  acquired  on  25  November 
1908  and  had  a  moisture  content,  by  weight,  of  6%.  The  change  in  reflectance, 
after  oven  drying,  is  consistent  with  the  changes  one  would  expect  from  loss 
of  moisture  as  discussed  in  Section  4.2.4.  The  field  photometer  data  were 
acquired  on  20  November  1968  after  showers  had  occurred  and  over  an  adjacent 
area  of  sand.  The  differences  between  the  laboratory  measures  and  the  fielu 
measure  are  not  consistent  with  a  variation  in  moisture.  They  are  however 
consistent  with  a  possible  surface  structure;  in  situ  measurements  of  soil 
reflectance  were  acquired  over  surfaces  which  appeared  to  be  comnictely  drv 
as  a  standard  field  procedure.  Therefore,  the  in  situ  measures  should  match 
the  dry  sample  laboratory  measurement  best.  From  the  results  of  the  granularity 
experiment  described  in  Section  4.2.4  one  would  expect  a  slight  difference 
in  surface  structure  to  result  in  spectral  ratios  between  0.90  ar.d  1.00  witn 
the  ratio  being  a  constant  or  decreasing  with  increased  wavelength.  The 
litter  is  generally  the  case  for  the  in  situ  measurements  of  reflectance  anl 
the  laboratory  dry  sample  reflectance  for  the  beach  sand  indicated  in 
Figure  11. 

The  measurements  made  from  the  image  density  of  sand  on  the  Multi -band 
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camera  film  were  from  the  mission  flown  on  16  December  1D(>8  after 
a  period  of  considerable  rain.  These  values  are  ratios  of  the  apparent  exposures 
of  the  known  reflectance  panel  on  the  ground  whose  density  was  closest  to 
an  average  exposure  for  the  sand  images  times  the  known  reflectance  of  the 
panel  with  no  corrections  for  differences  caused  by  format  position  of  the 
images  or  variations  in  actual  shutter  speed  across  the  format.  Therefore, 
they  are  not  expected  to  correlate  well  with  in  situ  and  laboratory  measures. 
Nevertheless ,  the  general  shape  of  the  curve  is  similar  to  the  shape  of  the 
ct.'.er  curves  expect  for  the  low  value  at  0.80  microns,  figure  13  shows  a 
second  apparent  reflectance  curve  for  this  same  area  of  sand  but  measured 
from  different  films  obtained  from  twice  the  flight  altitude.  The  shapes 
of  the  two  curves  are  much  the  same,  indicating  the  camera  system  is  consistent 
and  thus  suggesting  that  the  differences  in  shape  are  real  and  attributable 
to  the  average  reflectances  of  the  micro  surface  features  present  o"  the  soil 
surface  f coconuts,  puddles  of  water,  brush,  wood,  etc.)  within  the  ground 
resolution  element  of  camera  svstem.  Indeed,  these  curves  mav  well  be  more 
representative  of  the  reflectance  of  the  image  considered  as  sand  hv  the 
interpreter  than  either  the  laboratory  or  in  situ  measurements. 

Three  in  situ  measurements  of  '-egetation  are  shown  in  Figure  12  together 
with  a  measurement  from  the  spectral  film  densities  for  pasture  grass  and 
a  laboratorv  measurement  for  milkweed.  The  in  situ  measures  have  a  maximum 
in  the  visible  spectrum  (0.50^),  a  minimum  in  the  chlorophyl  band  (0.68yu- 
)  and  a  maximum  in  the  near  infrared  (0.80 ^  )  as  do  the  laboratory  measures. 

The  curve  derived  from  the  spectral  film  lacks  the  minimum  in  the  chlorophyl 
band  probably  due  to  the  amount  of  soil  in  the  ground  resolution  clement 
of  the  camera  system. 

Let  us  assume  that  indeed  spectral  measurements  made  in  the  laboratory 
will  differ  from  those  made  in  situ  and  from  those  made  from  the  measurement 
of  image  density.  Furthermore,  let  us  assume  that  the  precision  of  the  multi¬ 
band  camera  system  is  as  good  as  a  laboratory  spectomctcr.  he  must  then 
concern  ourselves  with  how  consistently  the  camera  system  will  measure 
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ground  object  reflectance  especially  when  the  system  is  used  at  different 
altitudes . 

figures  li,  14,  and  15  show  reflectance  measurements  for  an  area  of 
beach,  an  area  of  mangrove,  and  an  area  of  pasture  grass  derived  from  spectral 
films  taken  at  different  altitudes.  The  good  correlation  of  the  shape  of 
these  curves  from  one  altitude  to  another  attests  to  the  consistency  of  the 
multi-band  camera  system  and  the  absolute  levels  to  the  affect  of  the  atmosphere. 
Under  a  previous  Air  Force  program  (Refs.  8,  9)  CAL  showed  that  the  greatest 
loss  of  image  contrast  occurs  generally  within  the  lowest  .55,000  fcec  of 
the  atmosphere.  In  addition,  below  10,000  feet  there  is  little  selective 
absorption  of  different  wavelengths  of  light  by  the  atmosphere.  The  rate 
of  attenuation  of  energy  is  very  high  in  the  first  five  to  six  thousand  feet 
decreasing  rapidly  thereafter.  Therefore  a  significant  difference  should 
occur  between  the  data  recorded  at  3000*  and  6000',  whereas  a  smaller  difference 
should  be  noted  between  the  6000'  and  12000'  (Figures  14  and  15)  data  across 
the  visible  spectrum,  as  is  the  case.  Thus  the  assumptions  made  above  regarding 
the  precision  of  the  aerial  photographic  method  appears  reasonable  so  that 
without  attempting  to  correlate  aerial  measurements  of  reflectance  to  laboratory 
or  in  situ  measurements  of  iortance  we  can  a  "ply  the  broader  concept  of 
spectral  signatures  directly  to  the  aerial  film  records.  Specifically  we 
can  use  image  exposures  (i.e.  apparent  reflectance  properties)  of  objects 
recorded  on  two  photographic  scenes  simultaneously  to  produce  additional 
visual  scenes,  with  spatially  distributed  ratios,  sums,  products  or  differences 
of  exposures  for  all  objects  in  the  scene. 

5 . I  Bi  Band  Analysis  for  Terrain  Signatures 

As  indicated  previously  in  Section  2.0  CAL  has  developed  a  bi  band  spectral 
analysis  technique  which  encodes  water,  soil  and  vegetation  in  specific  density 
ranges  on  film.  The  process  consists  of  reversing  the  O.i-S^  band  photograph, 
registering  it  with  the  0.60^  band  negative  and  contacting  the  pair  onto 
copy  film.  This  is  essentially  equivalent  to  dividing  the  image  exposures 
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Figure  13  REFLECTANCE  MEASUREMENTS  OF  BEACH  SAND 
FROM  FILTERED  FILM 
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Figure  15  REFLECTANCE  MEASUREMENTS  OF  PASTURE  GRASS  FROM  FILTERED  FILMS 
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in  each  hand  by  the  other,  which  of  course  the  interpreter  cannot  Jo  qualitatively, 
although  lie  can  interpret  the  product  of  the  division.  inane  Jo  shows 
a  beach  test  site  (1  S°J5' -oa^h '  )  in  Puerto  iticu  photographed  on  conventional 
Plns-x  film  and  a  positive  nrtnt  of  the  scene  in  wh  i  cl;  the*  reflectances  have 
l'1'..’n  divided.  The  second  step  ' n  the  process  is  to  digitize  the  scene  on  the 
copy  film  using  a  flying  spot  scanner  or  other  suitable  electro-optical  device 
an;i  have  the  computer  print  out  a  histogram  of  the  distribution  of  the  gray  levels 
1  reflectance  ratios)  in  the  scene-  as  shown  in  figure  17.  Iroin  this  histogram 
and  a  visual  interpretation  of  the  copy  scene,  gray  level  ranges  are  selecteJ 
which  appear  to  represent  water,  soil,  anil  vegetation,  i.e.  ranges  1,11, 
and  III  on  figure  17.  The  computer  then  directs  a  flying  spot  scanner  to 
print  hack  on  film  the  thr°e  density  ranges  as  separate  visual  displays. 

The  results  of  this  step  arc  shown  in  Figure  IS.  Comparison  of  then*’  displays 
to  the  conventional  1'Ius-X  will  reveal  how  good  the  selection  of  banJ,  was 
in  separating  the  basic  environmental  features.  Features  in  shadows  will 
have  a  different  ratio  than  the  same  ieaturcs  in  sunlight  because  of  the 
different  spectral  irradiance  distribution.  However,  it  may  be  possi! le 
with  additional  research  to  determine  a  spectral  preprocess  technique  to 
have  the  corr.puter/f lying  spot  scannei  adjust  these  ratios  to  their  proper 
values  in  sunlight. 

i!ie  histogram  of  figure  17  is  truly  a  gross  spectral  signature  of  a 
terrain  environment  in  that  the  area  contained  within  each  gray  level  range 
is  directly  proportional  to  the  area  of  soil,  water  and  vegetation  in  the 
scene.  The  distribution  of  reflectance  ratios  (grey  levels)  will  shift  according 
to  the  relative  areas  of  these  features  on  the  surface.  If  all  ratios  occur 
in  the  low  reflectance  ratio  range  the  terrain  environment  is  a  body  of  water- land 
or  ice,  where  as  a  peak  in  the  low  range  and  a  substantial  .urn  in  the 
mid  range  couid  indicate  a  glacier  at  latitudes  above  the  tree  line  or  coastal 
contact  in  arid  latitudes.  A  peak  in  the  mid  range  indicates  a  desert,  whereas 
a  peak  at  the  far  end  of  the  vegetation  range  indicates  a  iusIi  forest.  Considerable 
research  is  still  necessary  to  develop  this  methodology  into  a  refined  spectral 
signature,  however,  even  in  its  present  state  it  is  considered  a  major  contribution 
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toward  satisfying  the  Air  Force's  urgent  need  for  Jcvelopsiij;  spcctr.il  s  itui  cs 
of  terrain. 

One  refinement  to  the  methodology  is  to  print  our  narrow  grey  levels 
within  the  gross  ranges  for  water,  soil  and  vegetation.  The  results  ot  t  a  i  s 
step  wlicn  applied  to  the  soil  range  II  shew  on  the  histogram  o!  Figure  1 
(1,2,  A)  are  shown  in  Figure  19.  This  process  provides  additional  information 
relative  to  area  differences  within  the  scene  with  respect  to  the  gross  classes 
of  natural  earth  objects,  water,  soil  and  vegetation.  In  tire  water  class, 
the  differences  will  be  related  primari ly  to  structural  differences  (sea 
state)  in  the  surface  because  the  two  spectra)  bands  used,  do  not  penetrate 
water  to  any  appreciable  extent.  Should  algae  blooms  or  areas  of  turbidity 
(created  by  soil  erosion)  be  present,  these  too  will  affect  the  grey  level 
in  the  water  range. 

in  the  soil  range  Figuic  19  the  differences  will  be  related  to:  a)  the 
amounts  of  surface  moisture  present;  b)  small  amounts  of  vegetation  cover, 
and  c)  'noth  tree  shadows  and  areas  of  high  surface  moisture. 

In  the  vegetation  range,  the  differences  will  be  related  primarily  to 
plant  vigor,  crown  structure,  and  percentage  of  soi 1/vegetation  in  ground 
resolution  element  for  grasses. 

As  pointed  out  in  section  4.2. 4  granularity  differences  in  soils  do 
affect  the  spectral  reflectance  properties  in  different  bands  di f ferent ly . 
Therefore,  applying  the  methodology  discussed  above  to  bands  other  than  the 

. 65 w  and  0 , 80,-,  bands  may  indeed  provide  additional  spectral  signatures  for 

/ 

other  physical  properties  of  terrain. 
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A*.  1  'iii  i  -at  i  in  the  lnt  rodsiot  ion  and  Summary  ,  t  lu*  j>i'  imnry  c1- m-  •-«  i vc 
Ibis  effort  was  to  support  tin-  a  crvost  ri  a  1  Sciences  Lali.irat  ow  oi  t  .  An- 
C  i"  In  ;.lfp  Research  l.aborat  ones  bv  aequi  ring  fid  I  «lnt  i  ( g  muml’i  t  i-"-"  *■  r 
i  i  in:: « t  i .  t repi c  >  ’  erv  i  ro:vnon  t  s  (Puert'’  !'ico).  'von  t 1  on  :  imn  i r  j;  t  v 
ili’ions  wore  encountered,  the  reduced  data  in  the  Append  i  v-':,  ol  this  report 
attest  1  o  the  moa-ssful  accomnl  i  < 1  ‘i.ru  1 1 L  of  tins  objective. 

A  limited  analysis  of  the  data  was  also  called  for  with  respect  to 
correlating  ground  data  and  data  extracted  from  the  airborne  remote  sen-,.! 
records  for  the  purpose  of  defining  terrain  signatures. 

The  most  important  result  oi'  trie  entire  el  fort  is  considered  to  he 
the  successful  development  °f  methodology  for  determining  terrain  si  ('.natures 
from  the  application  of  a  CAL  developed  bi -band  photo-optical  data  process  mg 
met.hoJ.  In  particular,  the  development  of  the  methodology  for  utilizing 
hi  -  band  spectral  data  to  determine  whether  or  not  surface  moisture  or  granu  1 :  r  1 1  > 
is  tite  cause  of  image  tonal  diffc rcitcc-s  n  v^ns  >  <i#*v»’d  sign  1 1 1  ant . 

It  is  concluded  that  tins  result  represents  a  significant  improvement 
in  the  state-of-the-art  of  analyzing  remotely  sensed  multi-band  spectral 
data  by  filling  the  gap  between  the  purely  qualitative  interpretation  methods 
and  desirable  automatic  interpretation  methods. 

Other  significant  results  pertinent  to  the  ultimate  objective  of  establishing 
terrain  signatures  for  earth  objects  and  backgrounds  include: 

•  a  correlation  between  measurements  of  t  >tr.  'rradiance  and  spectral 
i r rad i ance . 

•  laboratory  assessment  of  the  effects  on  reflectance  caused  by 
vegetation  canopy  structure  and  combinations  of  soil  and  vegetation  within 
the  ground  resolution  clement  of  the  remote  sensor  system 


is 


*  laboratory  assessment  of  the  effect  of  surface  mo’jture  and  structure 
on  the  apparent  reflectance  of  soils. 

Considering  all  of  the  results  obtained  on  this  el  fort  we  conclude 
that  an  elcetro-optical  system  for  semi -automat i c  analysts  ol  multi-band 
spectral  data  by  hi -band  techniques  can  be  designed  and  fabricated  today, 
which  would  greatly  assist  the  Air  force  engineer  in  hn  task  of  terrain 
analysis  and  site  evaluation,  furthermore,  such  a  system  would  have  the 
inherent  capability  of  expanding  its  own  utility  by  providing  the  Air  force 
engineer  with  the  equipment  to  test  hypotheses  relative  tc  the  limitless 
combination  of  multi-spectral  data. 
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Spectral  irradiance  at  ground  level  was  measured  in  the  field  using  a 
CAL  designed  and  fabricated,  filtered  photometer  system,  figure  A-l  shows  the 
face  of  the  data  panel  which  was  photographed  using  a  motor  driven,  250  exposure, 
Nikon  35  millimeter  camera.  In  addition  to  the  10  irradiance  meters,  the  panel 
includes  wind  speed  and  direction  meters  and  a  clock.  Cycle  rates  consistent 
with  the  multiband  camera  rates  were  used  during  flight  tests.  Irradiance  was 
also  measured  when  insitu  measurements  of  reflectance  of  ground  objects  were 
made  with  the  CAL  spectral  reflectance  photometer . 

Approximately  1500  -35mm  frames  of  irradiance  data  were  recorded  during 
the  field  test,  under  conditions  ranging  from  clear  sky  to  heavy  overcast. 

To  reduce  the  raw  data,  all  photo  frames  were  read  under  a  microscope 
and  the  10  irradiance  readings,  the  clock  reading  and  the  wind  speed  and  direc¬ 
tion  readings  were  tabulated  on  data  sheets.  To  convert  the  meter  readings  to 
energy  values  the  calibration  curve  shown  in  Figure  A-2  was  used.  The  curve 
was  derived  from  the  slide  rule  converter  supplied  with  each  meter  by  the 
manufacturer.  In  reducing  the  raw  data  to  determine  the  irradiance  conditions 
encountered  throughout  the  test,  it  was  noted  that  erratic  results  were  obtained 
after  8  December  1968,  from  some  of  the  meters.  However,  by  comparing  the 
readings  in  each  band  prior  to  8  December  1968  with  the  readings  after  8  December 
1968,  for  all  meters  at  the  same  levels  of  total  irradiance,  correction  curves, 
such  as  the  one  shown  in  Figure  A-3,  were  obtained  for  those  spectral  hands 
which  appeared  to  give  erratic  results.  The  cause  of  this  problem  was  traced 
to  moisture  entering  the  detector  cell. 

From  the  raw  data  for  ten  different  days  between  23  November  1968  and 
14  December  1968,  the  meter  readings  for  each  spectral  band,  during  a  period 
when  the  total  irradiance  was  relatively  constant,  were  converted  to  energy 
values  and  averaged.  The  ratio  of  t he  values  of  irradiance,  used  by'  Keegan 
and  Gates  (Reference  13)  for  direct  sunlight  to  the  maximum  values  measured 
by  CAL  instrumentation  were  computed  as  shown  in  Table  A-l.  These  ratios  were 
then  used  to  normalize  the  CAL  measured  spectral  irradiance  data,  at  different 
levels  of  total  irradiance,  to  the  curve  used  by  Keegan  and  Gates.  The  resultant 
irradiance  curves  are  shown  in  Figure  2,  Section  4.1  of  the  text. 
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Because  relatively  few  data  are  available  on  changes  in  spectral 
irradiance  compared  to  simultaneous  changes  in  total  irradiance,  the  data  of 
Table  A-l  were  further  reduced  to  ratios  of  changes  as  shown  in  Table  A-2  and 
the  results  plotted  as  a  correlation  graph  in  Figure  3  of  Section  4.1  of  the 
text.  Figures  A-4  through  A- 1 1  are  curves  for  each  band  across  the  visible  and 
near  infra  red  spectrum.  Several  interesting  effects  are  noted  from  these  plots. 

First,  in  the  case  of  blue  light  (0 .45^  band)  the  majority  of  points 
lie  above  the  one  to  one  correlation  line  indicating  the  percentage  change  in 
irradiance  is  practically  always  larger  in  the  spectral  band  than  the  percentage 
change  indicated  by  the  total  irradiance  measurement. 

Second  for  the  O.SOy*  though  0.80yx.  bands  the  spectral  change  is 
generally  larger  than  the  total  on  bright,  direct  sunlight  or  scattered  cloud 
days  until  the  irradiance  drops  to  approximately  one  half  the  peak  values  at 
which  point  the  change  is  generally  smaller  for  the  spectral  irradiance  than 
for  the  total. 

Third,  for  over-cast  days  the  spectral  changes  are  generally  smaller 
than  the  changes  in  the  total  irradiance. 

Finally,  the  changes  in  the  0.65^  band  appears  to  most  closely  corre¬ 
spond  to  the  changes  in  the  total  irradiance. 
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During  the  course  of  this  effort  a  considerable  amount  of  spectral 
reflectance  and  other  data  related  to  earth  objects  has  been  collected.  Some 
has  been  used  in  the  limited  analysis.  It  is  the  purpose  of  this  appendix 
to  compile  the  remainder  of  the  raw  data.  To  make  it  as  useful  as  possible, 
it  lias  been  organized  on  the  basis  of  the  latitude  and  longitude  of  the 
location  on  the  Island  of  Puerto  Rico  from  where  the  data  wore  acquired.  The 
relative  locations  are  shown  on  the  map  of  Puerto  Rico  in  Figure  R-l. 

The  data  'Deludes:  11  Total  diffuse  reflectance  measurements  using 
a  Beckman  DK-2A  speetrohotometer;  2*  In  situ  reflectance  using  a  CAI.  designed 
filter  photometer;  3)  Reflectance  data  from  spectral  film  density;  4)  Soil 
granularity  data;  and  51  Soil  moistu'e  data. 

Soil  samples  were  collected  primarily  from  the  top  two  inches  of  the 
surface  of  soil  areas.  They  were  placed  in  air  tight  plastic  bags  and  returned 
to  the  laboratory.  Small  amounts  (about  100  grams)  of  the  samples  were  placed 
in  2"  x  2"  x  1/2"  plastic  spectrometer  sample  holders  for  reflectance  measure¬ 
ment.  These  measurements  are  referred  to  as  "Bag"  measurement  indicating  the 
moisture  content  was  at  the  in  situ  state  of  the  Jay  obtained.  Water  was  then 
added  to  the  sample  holder  and  time  allowed  for  the  soil  to  saturate.  Measure¬ 
ments  in  this  state  arc  referred  to  as  "Sat."  measurements.  A  few  samples  were 
first  dried  in  an  oven  at  105°  to  obtain  "Dry"  measures  of  reflectance,  then 
saturated  and  redried  in  steps  to  determine  the  change  in  reflectance  with 
change  in  moisture  content.  For  these  cases,  the  actual  moisture  content  by 
weight  was  measured  and  is  shown  with  the  tabulated  reflectance  data,  frequent 
references  (16)  are  made  to  t he  soil  survey  ol  the  island  of  Puerto  Rico  conducted 
by  R.i2.  Roberts  from  192S  through  1956,  in  which  are  found  descriptions  of  the 
soils  whose  reflectance  properties  were  measured  on  this  project. 

Also  reference  (18)  are  made  to  the  grassland  survey  of  Puerto  Rico 
conducted  by  Ovidio  uarcia-Mcl inari  for  descriptions  of  some  types  of  vegeta¬ 
tion  whose  reflectance  properties  were  measured  on  this  project. 
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2.  PIJNTA  PICUA  18°  25  '  N  -  65°46'W 

i 

Because  of  its  complexity  of  backgrounds  and  soils,  this  site  was  the 
major  site  from  where  samples  were  obtained.  Figure  B-2  shows  the  basic  land 
forms  of  the  site;  1)  the  Atlantic  Ocean  shoreline;  2)  the  beach;  3)  the 
mangrove,  4)  t he  coastal  plain  and  5)  'he  Tuffaceous  sandstone  hills.  A 
ground  control  target  array  was  emplaced  at  LOCATION  1  and  data  were  recorded 
at  this  location  as  well  as  at  positions  designated  by  other  arabic  numerals, 
both  on  Figure  B-2  and  indicated  in  tables. 

2.1  Beacli  ? 

5 

The  laboratory  measurements  of  sand  reflectance  were  obtained  using  a 
Beckman  PK-2A  spectrophotometer.  The  sand  on  this  beach  is  described  by  : 

Roberts  (1(>)  as  either  Palm  Sand  (Pb,  pg.  344)  or  Catano  Sand  (cd,  pg,  343),  j 

Roberts  indicates  the  former  contains  one  quarter  inch  rod  like  shells,  where  J 

as  the  latter  does  not;  the  former  is  yellow  whereas  the  latter  is  gray.  All  \ 

sand  samples  from  this  location  had  rod  like  shells  and  were  yellow  in  color  f 

and  have  theiefore  been  classed  as  Palm  Sand,  although  3  difference  in  reflec-  1 

tance  was  noted  between  sand  samples  from  the  active  beach  (2)  and  the  middle 
of  the  stabilized  beach  (4),  i.e.  the  beach  surface  covered  with  vegetation. 
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In  addition  to  laboratory  measures  of  reflectance,  in  situ  measures 
were  obtained  at  the  locations  indicated  above  using  a  CAL  designed  filter 
photometer. 

TABLE  B-2  IN  SITU  REFLECTANCE  OF  PALM  SAND  AT  PIJNTA  PICUA  (Pb) 


X 

(12/1/08) 

(12/1/08) 

(11/26/68) 

(11/26/68) 

(11/23/68) 

.  4C 

12 

- 

- 

- 

11 

.45 

11 

9 

4 

9 

13 

.  50 

10 

7 

4 

10 

13 

.55 

18 

9 

8 

lb 

18 

.00 

23 

11 

12 

22 

17 

.05 

30 

16 

19 

27 

27 

.70 

29 

19 

16 

31 

28 

.75 

31 

24 

20 

34 

51 

.  8u 

32 

26 

31 

35 

34 

.85 

34 

28 

28 

36 

- 

LOCATION  2 

4 

4 

3 

3 

The  measurements  of  the  reflectance  properties  of  the  palm  sand  from 
the  arieal,  spectral  films  were  presented  in  the  text  in  Section  5  and  there¬ 
fore  arc  not  repeated  here. 
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The  distribution  of  grain  sizes  for  this  sand  was  obtained  using  a 
standard  sieving  procedure,  and  is  as  follows: 

PALM  SAND  GRAIN  SIZE  DISTRIBUTION 


Sieve  Size 

0 

'0 

»  2mm 

<  1 

1  -2mm 

v  1 

0. 5-lmm 

1 

0. 25-0. Smm 

61 

0. 123-0. 2Smm 

35 

0.062.0. 125mm 

*> 

-  0.062mm 

^  1 

The  moisture  content  by  weight  varied  from  a  maximum  of  32a  for 
saturation  to  a  low  of  13  for  the  sample  obtained  from  location  2  on  11/23/68 
in  the  evening. 


SAMPLE  LOCATION  %  MOISTURE  BY  WEIGH! 


L  A  BO  RATO  RY  -  S  ATU  RAT  I  ON 

32-26 

2  (11/23/68) 

PM 

1 

3  (11/25/68) 

PM 

6 

2  (11/25/68) 

PM 

1 

4  (11/26/68) 

PM 

11 
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Laboratory  measurements  of  leaf  reflectance  from  vegetation  cover  over 
this  beach  were  impractical  in  that  neither  the  geometry  nor  the  plant  vigor 
could  be  retained.  In  situ  measures  were  recorded.  Some  appear  in  the  text 
and  the  remainder  are  presented  below. 


TABLE  B-3 

IN  SITU  REFLECTANCE  OF  VEGETATION 

AT  PUNT  A  PIC1IA  BE.. 

AC  II 

A 

ll/23/c,8 

11/26/68 

11/26/68 

11/26/68  11/26/68 

1 1/23/68 

.40 

2 

- 

5 

- 

5 

6 

.45 

4 

3 

- 

■■> 

- 

-» 

.50 

4 

3 

4 

5 

- 

7 

.55 

7 

10 

7 

9 

y 

In 

.60 

5 

9 

5 

8 

3 

5 

.  65 

4 

12 

4 

7 

3 

15 

.70 

10 

16 

11 

17 

4 

26 

.75 

28 

31 

54 

47 

21 

38 

.80 

35 

4  5 

50 

45 

20 

48 

.85 

44 

36 

43 

53 

24 

62 

LOCATION 

4  Coccolobis 

Uvifcra 

Woody  Plant 

S  Sporoboli's 

Tufted  Grass 

5  Remirea 

Mart ima 

Sedge 

5  Low 

Grass 

4  Coccolobis  2 

tlv  i  f  e  ra 

Woody  Plant 

Ipomoua  Pcs 

Caprae-hay 

hops  vine 
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Rain 

short  showers 

occurred  frequently  throughout  the  test  period  in  t lie  form  of 

.  The  following  data  were  recorded  from  the  rain  gage  at  location 

Date 

Time 

Rain  Depth 

Accumulation 

11/23/68 

Set  up  0" 

11/25/68 

1440 

0.03" 

1 1/26/68 

0815 

0.03" 

0.0b" 

11/26/68 

0827 

0.045" 

0.105" 

11/20/68 

1000 

0.060" 

0.160" 

11/27/68 

0930 

1.400" 

1.5b0" 

11/27/68 

1130 

1.000" 

2.560" 

11/50/68 

- 

4.33" 

6.890" 

12/1/68 

- 

0.09" 

6.98" 

12/2/68 

0830 

0 

6.98" 

12/2/68 

1030 

0.25" 

7.23" 

12/ 2/68 

1100 

0.05" 

7.28" 

12/3/68 

0200 

O  .04" 

7.32" 

12/4/68 

1000 

0.11" 

7.43" 

12/5/68 

0800 

0 

7.43" 

12/9/68 

1100 

O 

O 

►— 

7 .44" 

12/10/68 

0930 

0.04" 

7 .48" 

An 

excellent  reference 

(20)  to  rainfall  and  soil 

moisture  conditions 

across  the  island  of  Puerto  Rico  for  1955-1956  is  available  in  the  scientific 
l itcrature. 
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MANGROVE 


A  partially  drained  mangrove  swamp  occurs  between  the  beach  and  the 
coastal  plain.  Because  of  the  drainage  ditches  which  have  been  emplaced  to 
drain  the  swamp,  few  large  areas  of  the  highly  interwoven  complex  of  root 
systems  so  typical  of  mangrove  swamps  remain.  However,  at  location  6, 
Figure  B-2  such  a  situation  was  present. 

Two  samples  of  the  soil  (muck)  were  acquired  and  theii  reflectance 
properties  measured  in  the  laboratory. 


TABLE  B-4  LABORATORY  REFLECTANCE  OF  SALAUAR  MUCK  (Sm)  IN  MANGROVE 


(.1  1/23/68)  (12/3/68) 


A 

SAT. 

DRY 

S  AT . 

DRY 

4 

-> 

5 

3 

0 

45 

2 

6 

3 

- 

5 

3 

7 

3 

S 

55 

3 

8 

4 

9 

6 

4 

9 

5 

10 

t>5 

4 

10 

ft 

;  2 

7 

ft 

12 

8 

14 

75 

8 

15 

9 

15 

8 

10 

17 

1 1 

18 

B-16 


i  ■Jlli" I  lllLmutl 


No  insitu  measurements  of  the  soil  reflectance  could  i>o  obtained  be¬ 
cause  of  the  extremely  low  light  level  under  the  mangrove  canopy.  An  in  situ 
measurement  was  obtained  for  a  fresh  cut,  high  density  sample  of  leaves  from 
the  mangrove  trees  per  sc,  and  is  tabulated  below. 

TABI.i:  h-5  INSITU  lUiFLLCTANCH  OF  MANGUOVF  I.hAVIS 

IVAV  l.l.HNU'i  II  f  1  2/5/08)  KAVILINCTIi  (12/S/OS) 

.-I  J  ,(>S  a 

.45  (S)  .70  10 

.5  3  . 7  5  b  7 

,SS  7  .8  (O 

.  t»  .8  .88  OU 

I.OuA'l  ION  1 

Although  there  appeared  to  be  three  rather  distinct  levels  of 
mangrove  trees  which  may  have  related  to  the  three  species  of  mangroves 
known  to  he  present  in  I'uerto  Rico,  (i.c.  Black  Mangrcte,  Avicennia  uituin; 
white  mangrove,  haguncuhri a  racemasa;  and  Mangrove,  Phitophora  mangle,) 
tills  was  not  established  in  t lie  field. 

The  spectral  reflectance  values  for  mangrove  were  also  derived  from 
the  spectral  films  and  are  presented  in  Section  5  of  the  text. 

Roberts  describes  this  soil  Coastal  Swamp,  poorly  drained, 

black,  mostly  organic  materials,  Saladar  Much  (Sn.) .  A  detailed  description 
can  be  found  on  page  350  of  Robert's  survey. 
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2.3  Coastal  Plain 

From  the  mangrove  to  the  contact  with  the  slope  of  the  tuftaceous 
sandstone  a  coastal  plain.  The  soil  in  this  plain  is  classed  by  Roberts  as 
Coloso  Silty  Clay  (c.p),  a  poorly  drained,  brown,  plastic,  tuffaceous  material. 

A  complete  description  occurs  in  his  survey  on  page  33U.  The  area  is  presently 
being  used  as  a  pasture  and  is  covered  with  pasture  grass  or  in  areas  still 
subjected  to  flooding,  tussock  grass. 

Although  few  areas  of  bare  soil  are  present  in  this  area,  soil  samples 
were  collected  and  reflectance  values  derived  in  the  laboratory. 


TABLE  B-6  LABORATi  ,Y  REFLECTANCE  OP  COLOSO  SILTY  CLAY  (cp 


(0/ 17/08) 

(12. 

/l/o 8) 

( '  2/ 

■'  1  /  o  8 ) 

A 

SAT. 

DRY 

BAG 

DRY 

BAG 

DRY 

0.4 

j 

8 

4 

13 

4 

9 

.45 

4 

11 

5 

14 

5 

1  1 

.  5 

5 

1  2 

o 

15 

5 

1  2 

.  55 

/ 

14 

7 

in 

(> 

i  3 

.6 

8 

16 

S 

18 

7 

14 

.65 

9 

18 

9 

2u 

8 

16 

n 

1  1 

20 

10 

1  ■> 

i.  *- 

t) 

IS 

.  75 

13 

-> 

1 1 

24 

10 

20 

.8 

15 

25 

13 

2<> 

1 1 

23 

.85 

17 

1 7 

- 

- 

- 

- 

.9 

19 

29 

- 

- 

- 

- 

LOCATION 

1 

1* 

Site  30'  from  1,  but  had  been  hosed  down  for  30  minutes  prior  To  taking  sample 


1 
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In  situ  measurements  of  soil  reflectance  Here  obtained  on  a  surface 
exposed  as  a  result  of  cattle  moving  across  the  coastal  plain.  Its  geometry 
altered  each  day  by  hoof  prints  and  surface  moisture.  Nevertheless  tire  data 
arc  presented  below. 


tabu:  b-t 

IN  SITU  ELF 

I.LCTANCL  OF  COLOSO 

SILTY  CLAY  (cp) 

A 

(12/1/08) 

( 1 1/4/08) 

(12/9/08) 

.4 

"1 

3 

7 

.43 

“1 

•4 

5 

.  5 

4 

4 

.  35 

s 

5 

*7 

.  6 

"> 

y 

9 

.  o5 

0 

10 

9 

0 

S 

11 

.  7a 

10 

9 

17 

.  S 

15 

12 

IS 

.85 

17 

12 

- 

LOCATION 

S 

8 

8 

RAINFALL 

(ACCUMULATED 

b.9S" 

".43" 

7.43" 

READING) 

It  should  be  noted  that  although  the  above  tabulated  data  do  not 
correlate  well  with  each  other  there  is  a  definite  trend  associated  with  the 
rainfall  data  presented  earlier  in  tins  appendix. 

No  areas  of  bare  soil,  of  sufficient  size  for  deriving  meaningful 
measurements  of  reflectance  from  the  spectral  films,  were  imaged  from  the 
minimum  flight  altitude  of  3000  feet. 


The  identification  of  specific  grasses  within  the  general  class  called 
Pasture  grass  was  not  possible,  primarily  because  of  the  heavy  grazing  which 
occurred.  Although  the  time  of  year  was  correct  for  distinguishing  between 
Carib  grass  and  Para  grass  the  effects  of  heavy  gracing  precluded  sue!:  ident- 
i fications . 

Again,  only  in  situ  reflectance  measurements  and  measurement s  from 
spectral  film  density  were  feasible  considered  geometry  and  plant  vigor.  The 
reflectance  values  derived  from  the  spectral  films  are  presented  in  the  text, 
along  with  some  of  the  in  situ  data.  The  remaining  in  situ  data  are  presented 
below . 


TABLE 

B-8  IN  SITU 

REFLECTANCE 

OF  PASTURE  GRASS 

ON  (‘01. OS  '! 

SILTY  CLAY 

A 

(12/1/68) 

(12/4/68) 

(12/9/68) 

(11/23/68) 

*  (12/5, 

.4 

1 

3 

3 

- 

.  45 

4 

5 

4 

5 

4 

.  3 

4 

5 

4 

5 

0 

.  55 

9 

6 

8 

5 

i  2 

.6 

7 

S 

7 

(; 

10 

.65 

6 

s 

9 

4 

10 

.  / 

14 

10 

10 

5~ 

33 

.  75 

34 

35 

45 

48 

53 

.8 

48 

4  3 

4  8 

45 

70 

.85 

S8 

48 

53 

46 

90 

LOCATION 

8 

8 

8 

1 

1 

Protected  from  grazing. 
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TAiil.l.  B-9  IN  SITU  RITT.I.C  TA.NC.I:  OF  TUSSOCK  GRASS  ON’  COI.OSO  SII.TV  CLAY  (cp) 


A 

(12/1/68) 

(12/4/68) 

(12/9/68) 

4 

4 

T 

45 

3 

5 

5 

7 

5 

3 

55 

8 

6 

b 

0 

9 

6 

4 

05 

1  1 

7 

5 

7 

14 

10 

10 

75 

52 

21 

21 

8 

57 

23 

32 

,85 

41 

22 

34 

LOCATION  888 

The  variability  in  in  situ  measurements  of  vegetation  is  expected  to 
he  large.  The  primary  reason  for  this  is  that  unless  the  vegetation  is  a  low 
surface  grass,  such  as  at  Location  8,  it  is  extremely  difficult  to:  a)  define 
the  surface  being  measured  and  b)  to  insure  that  the  relative  distance  be¬ 
tween  the  photometer  and  the  surface  being  measured  is  maintained  a  constant, 
throughout  the  measurement  period.  Nevertheless,  the  data  above  in  several 
cases  shows  the  vegetation  trend,  ie.  a  peak,  in  the  0.55  u,  green  band 
a  minimum  in  the  O.OS^x  band  (chlorphyl  band)  and  a  maximum  in  the  0.70  ^  -0.85 
y*  bands  (near  infrared). 
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2.4  Tuffaceous  sandstone  Hill  and  Contact  With  Coastal  Plain 

Location  9  is  on  the  contact  between  the  coastal  plain  described  above 
and  an  area  of  tuffaceous  sandstone  hills.  One,  highly  disturbed  area  of  soil 
was  found  in  which  the  soil  appeared  more  brown  in  color  than  the  samples  of 
Coloso  Silty  Clay  taken  from  Location  8. 

TABLE  B- 10  COMPARISON  OF  REFLECTANCE  OP  SOIL  ON  LANDFORM  CONTRACT,  TO  COASTAL 
PLAIN  SOIL  AND  (cp)  TUFFACEOUS  SANDSTONE  OUTCROP  (kT) 


A 

CONTACT 

COASTAL  PLAIN 

OUTCROP 

.4 

3 

3 

6 

.45 

4 

4 

7 

.5 

4 

4 

7 

.  5S 

5 

5 

b 

.6 

6 

7 

12 

.65 

7 

10 

19 

.7 

9 

8 

14 

.75 

11 

9 

19 

.8 

13 

12 

20 

.85 

14 

i  2 

17 

LOCATION 

9 

8 

11 

An  in  situ  measurement  of  the  surface  reflectance  was  recorded  (9) 
and  is  compared  to  an  in  situ  measurement  (8J  for  Coloso  Silty  Clay  and  an 
outcrop  of  tuffaceous  sandstone  (il)  all  obtained  on  the  same  day.  The 
higher  overall  reflectivity  of  the  tuffaceous  sandstone  outcrop  is  obvious  from 
the  data  as  is  the  large  increase  in  the  red  region  of  the  spectrum  0.60  - 
O.OSyU  .  However,  the  difference  between  the  two  soils  is  lost  in  the  precision 
of  the  measurement,  even  though  the  eye  could  detect  a  subtle  difference  in 
the  field. 
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Other  in  situ  measures  of  pasture  gross  on  the  slope  of  the  tuffaceous 
sandstone  hill  (l(J)  and  over  a  highly  weathered  tuffaceous  sandstone  bolder 
are  presented  nelow  in  Table  11-11. 


TABLE  B-ll  IN  SITU  REFLECTANCE  OF  TUFFACEOUS  SANDSTONE  HILL  AREA 
Tuffaceous 


A 

Sandstone 

(12/4/68) 

Bolder 

(12/9/68) 

Pasture 

(12/4/68) 

Grass 

(12/9/68) 

Bamboo 

12/4/68 

.  4 

4 

4 

2 

3 

4 

.  4  S 

4 

4 

3 

4 

4 

.  S 

4 

4 

4 

3 

5 

.55 

6 

6 

6 

/ 

13 

.0 

7 

6 

5 

7 

14 

.  65 

7 

11 

7 

3 

10 

_  7 

9 

10 

- 

21 

.  75 

15 

8 

33 

- 

40 

.8 

14 

11 

55 

- 

5 1 

,SS 

19 

16 

40 

- 

53 

1.0CAT  ION 

10 

10 

10 

10 

9 

Talmas  Alias  Clae  Area  (PmJ 

To  the  west  of  the  test  site  at  location  12  is  a  small  area  quite 
apparent  from  its  lighter  tone  on  the  conventional  aerial  photograph .  The 
area  is  mapped  by  Roberts,  to  be  Palmas  Altas  Clay  (Pm)  very  similar  to 
Coloso  Silt>  Clay  but  more  poorly  drained,  black  and  more  saline.  A  full 
description  is  given  on  Page  348  of  his  survey. 
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In  situ  measurements  were  made  of  the  soils  reflectance  properties  for 
comparison  to  the  in  situ  measurements  of  the  Coloso  Silty  Clay  and  in  situ 
vegetation  measures  were  also  recorded.  The  data  are  tabulated  in  Table  B-12. 


TABLE  B-12  COMPARISON  OF  IN  SITU  REFLECTANCE  OF  TUSSOCK  GRASS 

ON  TWO  DIFFERENT  SOILS 


A 

Palmas  Altas 
C 1  ay 

Coloso  Silty  Clay 

Tussock  Grass 
Palmas  Altas 

Tussock  Grass 
Coloso  Silty  Clay 

.4 

3 

7 

- 

7 

.45 

10 

r 

Z> 

6 

7 

.5 

9 

4 

4 

3 

.55 

12 

7 

9 

6 

.6 

13 

9 

11 

4 

.65 

17 

9 

8 

3 

.7 

16 

11 

13 

10 

.75 

17 

17 

56 

21 

.8 

17 

18 

SO 

32 

.  85 

22 

- 

56 

34 

LOCATION  12 

8 

12 

8 

As  expected  because  of  its  light  tone  on  panchromatic  film  the  Palmas 
Altas  Soii  and  vegetation  were  generally  better  reflectors  across  the  visible 
spectrum  than  the  Coloso  Silty  Clay  and  Vegetation.  In  the  .65^  band  which 
indicates  vegetation  vigor  the  tussock  grass  over  the  Paimas  Altas  Clay  showed 
a  reflectance  of  almost  a  factor  of  3  higher  than  tussock  grass  over  the  Coloso 
Clay.  This  is  probably  due  to  the  salinity  of  the  soil  retarding  the  grass 
growth.  In  the  near  infra  red  it  still  maintained  the  typically  high  reflectance 
for  vegetation.  Generally,  the  near  infra  red  reflectance  for  plants  drops  when 
growth  is  retarded,  however,  this  is  not  always  true. 

Other  measurements ,  such  as  surface  temperature  and  moisture  contents 
of  soils  were  made  at  this  site,  strictly  for  a  quantitative  analyses  of 
the  spectral  films  and  are  therefore  of  no  general  value  and  are  not  included 
in  this  report. 
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1:1,  VUNQUli  RAIN  I ORLST  SITli  18°I8'  -  65°47MV 


o  , 

This  site  is  located  close  to  the  highest  elevation  on  the  islanJ  of 
Puerto  Rico.  As  pointed,  out  by  Briscoe  (22)  the  vegetation  at  this  elevation 
is  much  smaller  than  is  normally  expected  in  a  mature  rain  forest,  probably  due 
to  the  almost  continuous  cloud  cover  present.  Others  refer  to  this  forest  as 
a  cloud  forest  rather  than  a  rain  forest,  and  apply  the  term  rain  forest  to 
the  lower  elevation  Tabonuco  forest  which  indeed  has  tree  heights  and  diameters 
more  consistent  with  rain  forests  of  Southeast  Asia. 

The  topography  of  areas  such  as  III  Yunque  make  the  development  of  a 
ground  transportation  system  ext-cmely  costly.  The  continuous  poor  weather 
conditions  preclude  the  establishment  of  an  effective  air  lift  support  system, 
where  it  may  be  imperative  to  emplace  a  support  facility  in  such  an  environment . 
Because  of  the  continuous  poor  weather,  it  is  difficult  to  obtain  remote  sensor 
data  over  such  an  area.  Finally,  even  if  such  data  are  acquired  the  canopies 
provide  natural  camouflage  of  the  soils  below,  which  are  of  primary  interest 
to  the  terrain  analyst. 

If  on  the  other  Ivan.,  relationships  could  be  established  between  tree- 
reflectance  and  soil  environment  below,  remote  sensor  spectral  data  could 
conceivably  be  useful  in  terrain  evaluation  studies.  Therefore  an  attempt 
was  made  to  collect  both  aerial  and  ground  data  from  this  site.  However,  only 
one  aircraft  mission  over  the  area  was  possible  because  cf  the  cloud  conditions, 
and  ground  reflectance  measurements  were  precluded  because  of  the  low  illumination 
level  resulting  from  the  cloud  condition  and  dense  canopy.  Nevertheless, 
the  control  panels  wore  in  place  at  location  1  as  shown  in  Figure  B-3  so  that 
reflectance  data  can  be  derived  from  the  spectral  films. 

Because  of  camera  exposure  problems  (shutter  banding)  a  preprocessing 
procedure  beyond  the  scope  of  the  present  effort  is  required  to  correct 
differences  caused  by  banding  for  a  quantitative  analysis  of  this  film, 
furthermore,  the  soils  data  available  in  the  literature  ( 1 0 ) ,  on  the  site  area, 
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is  too  general  to  be  useful  in  establishing  any  correlation  between  soils  and 
vegetation . 

In  situ  reflectance  measurements  for  bamboo  and  clearing  grass  in  the 
vicinity  of  the  control  panels  (1)  were  taken  and  are  presented  below. 


TABI.k  11-13 
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SALINAS  SITE  18°01'N  -  66°18'lv 


The  site  is  on  the  south  shore  (Carribean  side)  of  the  island.  It  is 
a  savannah  environment  with  the  typical  acacia  trees  and  guinea  grass  the  pre¬ 
dominant  vegetation  of  the  area.  Both  sedimentary  (limestone,  sandstone,  and 
shales)  and  volcanic  (tuffaceous)  rocks  are  present  in  the  area.  The  soils 
are  predominantly  clays,  however,  some  contain  appreciable  amounts  of  sand 
and  stone  fragments.  The  site  is  shewn  in  Figure  B-4. 

Laboratory  Reflectance 

A  soil  sample  was  acquired  from  locations  1  and  2,  shown  on  Figure  B-4. 
According  to  Roberts,  these  soils  are:  .Amelia  Clay  (Aw)  and  Yauco  Clay, 
Colluvial  Phase  (Yo)  and  are  described  on  pages  263  and  2S9  respectively  in 
Reference  16.  In  addition,  two  samples  of  soil  were  obtained  from  a  road 
cut  in  an  area  described  as  Descalabrado  silty  clay  (De  -  page  240)  just 
to  the  north  west  of  the  area  shown  in  Figure  B-4.  The  reflectance  data  for 
these  samples  are  presented  below. 
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The  sample  ot‘  Yauco  Clay  O'o)  was  thoroughly  sieved  to  the  distribution 
indicated  below  and  the  reflectance  of  each  sample  of  different  grain  sites 
measured  a'  indicated  in  the  text. 


TABLE  B-1S  GRAIN  SIZE  DISTRIBUTION  BY  WEIGHT 
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flood  agreement  is  shown  between  the  m  situ  reflectance  (lal'ie  li-10; 
and  laboratory  (I  able  h-ltj  measurements  of  reflectance  for  the  YaueO''10-1  while 
the  bescalabrado  Si  lty  Clay  (Ue"A"  and  "B" i  show  the  effects  of  surface  moisture. 

Three  additional  in  situ  reflectance  measures  were  taken  at  location  3 
a.-  shown  on  Figure  B-4.  One  was  over  coarse  gravel  f cobbles)  m  the  dry  river 
bod  and  the  others  were  on  an  erosion  slope  adjacent  to  the  river.  The  former 
is  designated  as  by  Roberts  and  is  described  on  page  278  of  l.is  report. 
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Most  of  this  area  is  either  grassland  or  planted  to  crops.  One  in 
situ  measure  of  the  grass  at  location  I  was  obtaineJ. 

TABLL  B-18  IN  SITU  RLFI.l.CTANCl;  OF  GRASS  ON'  AMFi.IA  CLAY 
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On  the  extreme  south  west  tip  of  the  island  of  Puerto  Rico  is  a  lime¬ 
stone  promontory  on  which  a  light  house  is  located,  Caho  Rajo.  This  area  was 
not  selected  as  a  site  for  detailed  study,  but  was  visited  during  a  site 
inspection  trip  in  dune  of  1908.  A  sand  sample  was  obtained  from  the  beach 
at  location  1  as  shown  on  figure  B-5.  The  sample  was  saturated  with  water 
and  dried  in  a  series  of  five  steps,  with  reflectance  measurements  made  at 
each  step.  The  results  are  tabulated  below.  Roberts  classifies  this  sand  as 
daucas  Sand  and  it  is  described  on  page  34.1  of  his  report.  The  white  coral 
fragments  of  tins  sand  explain  its  unusually  high  reflectance  relative  to 
other  sands  of  the  island.  Another  sample  was  sieved  to  obtain  the  distribution 
of  grain  sites  shown  below. 
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TABLL  B-  20  CRAIN  SI  ZC  DISTRIBUTION  OF  JAUCA?>  SAND 


b.  LAS  MLSAS  1 S ° 1 1 ' N  -  b7°06'W 

In  the  west  central  part  of  the  island  is  a  unique  latosolic  soil, 
namely  the  Nipa  Clay  (Ac),  by  Roberts  (^1  .  A  large  area  of  the  soil  occupies 
the  crown  of  a  hill  known  as  Las  Mesas  south  east  of  Mayagiiez,  Puerto  Rico 
on  Route  349 ,  as  shown  in  f  igure  B-t>.  Roberts  also  indicates  a  largo  area 
of  the  soil  being  present  near  the  coast  south  west  of  Mayagiiez.  Associated 
with  tli i s  soil  is  a  silty  clay,  Rosario  (Rs)  by  Roberts,  which  even  he  indicates 
to  be  very  similar  to  a  shallow  phase  Nipa  Clay.  There  is  sone  question  there¬ 
fore  between  soil  scientist  as  to  the  validity  of  the  separate  classifications 
for  these  soils. 

Three  samples  of  surface  soils  were  obtained  from  different  locations 
on  Las  Mesas,  as  shown  on  figure  B-b,  1,  2,  3.  The  laboratory  reflectance 
measurements  for  these  samples  are  tabulated  below. 

tabu:  b- 2i  laboratory  reflectance  of  nipa  clay  at  las  mesas 
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In  addition  to  the  reflectance  measures  above,  the  6/18/6S  Sample  2 
was  sieved  and  the  folic -ing  distribution  of  grain  size  obtained. 


TABLE  B- 22  GRAIN  SIZE  DISTRIBUTION  OF  N i PA  CLAY 
Sieve  Size  >  2mm  l-Zmm  ,5-lnvn  .25-. Sima  .  125-.25inm  .002- .  125mm  cO.OhZmm 

o  height  0.1  .4  4  25  34  22  15 

This  distribution  agrees  within  14c«  with  the  findings  of  Roberts. 

Seventy  one  percent  of  his  sample  taken  for  0-5  inch  depth  fell  between 
2  and  0.05  millimeters  as  compared  to  eighty  five  percent  for  this  sample. 


At  a  road  cut,  location  II,  a  shallow  (0-S  inch)  yellow  soil  was 
noted.  Because  of  its  sharp  contrast  in  color  to  the  red  Nipa  and  Rosairo 
soils  of  the  area  it  was  indeed  a  curiosity;  so  a  sample  was  obtained.  The 
results  of  the  laboratory  measurements  of  Reflectance  are  tabulated  below. 
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It  should  be  noted  that  with  this  soil  as  well  as  other  soils  containing 
mostly  fines,  that  surface  cracks  develop  in  the  sample  surface  upon  drying. 
These  cracks  act  as  light  traps  lowering  the  apparent  reflectance  of  the  sample 
below  that  measured  for  the  saturated  state.  This  is  another  case  which  points 
out  the  importance  of  the  surface  structure  to  the  understanding  of  the  re¬ 
flectance  measured  for  a  surface. 

In  addition  to  the  laboratory  measures  of  reflectance,  in  situ  measures 
of  soil  reflectance  were  also  recorded,  and  are  tabulated  below. 
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At  location  4  on  figure  B-6  ;m  outcrop  of  serpentine  (k^)  occurred. 
According  to  Briggs^"0'  and  others,  this  unconformity  of  rock  forming  mineral 
underlies  the  entire  ridge  known  as  Las  Mesas  and  is  the  parent  material  of 
the  Nipa  Clay  (Nc)  which  caps  the  ridge  cop.  A  sample  was  obtained  and 
reflectance  measures  run  in  the  laboratory.  The  results  are  tabulated  below: 
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It  is  interesting  to  note  that  the  spectral  reflectance  curves  of  the  yellow 
inclusions  in  the  serpentine  rock  samples  bear  a  general  resemb lence  to  the 
curves  of  the  "yellow"  soil  reflectance  measures  given  previously.  This 
suggests  that  perhaps  a  large  inclusion  produced  the  unusual  limited  area  of 
"veil oil"  soil  at  this  site. 
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In  situ  reflectance  measurements  were  obtained  for  vegetation  at  this 
site  and  are  tabulated  below.  The  grasses,  at  location  1  of  figure  B-o, 
the  area  for  which  right  of  entry  permits  were  available,  were  planted  for 
lawn  cover  not  pasture.  No  blooms  were  present,  nor  were  there  any  other 
clues  to  make  an  identification.  MolinariO?)  gives  an  excellent  discussion 
of  commonly  occuring  grasses  of  the  serpentine  hills  of  Puerto  Rico  on 
pages  102-112  of  his  text  on  grasslands,  however,  lie  does  not  cover  ornamental 
grasses.  Reflectance  readings  were  taken  primarily  to  determine  whether  or 
not  major  difference  from  the  glasses  of  other  areas  were  apparent.  A 
cursory  comparison  failed  to  show  any  such  differences. 
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7.  DOS  BO  CAS  1S°20'i\  -  0<j°44  MV 

This  site  is  in  tr. v  west-central  part  of  the  island  in  the  Rio  .Via  j o 
forest.  The  topography  is  typical  of  tropical  karst,  commonly  referred  to  as 
haystack  hills.  There  are  very  few  areas  of  deep  soil.  Ihoso  which  are 
present  are  restricted  to  the  bottom  of  depressions  and  in  general  are  of  sue!) 
limited  extent  they  are  used  onl\  for  crops  or  for  pasture, 

une  soil  sample  was  collected  for  location  1  on  figure  B-7.  Robert's 
classifies  this  soil  as  fares  Clay,  red  subsoil  phase  and  gives  a  description 
on  page  271  of  his  report,  ihe  laboratory  reflectance  measurements  for  this 
soil  are  shown  below. 
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Figure  B-7  DOS  BOCAS  SITE 


Sample  of  t lie  | » i n k  and.  white  limestone  of  the  area  were  obtained 
with  a  sample  of  diorite.  Laboratory  reficeiauee  neaswreh  \%cr<*  also  tak«. 
Lisina  i lie se  rock  sar.pl  es. 
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Low  1 1 1  uni)  nut  i  osi  loveis  on  both  trips  to  this  site  precluded  the 
collect  ion  of  anv  in  situ  reflectance  data. 
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b.  I'vLMAS  ALIAS  -  i>oc  SS'Mr 

DORADO  1  8  2  ■' 1  N  -  00  12*  iv 


!  >ur 

i  ng  t  he  i  iisj-v  ct  i  on 

of  sites  in  June  of  it1!-.''. 

two  other 

S  .LI  : j'  1  t'< 

of  soil  we r 

e  acquired.  One, 

a  sample  ol  magnetite  sand 

t  l'i'-b  i  ack  j 

from  .i 

I’each  at  Pa 

lm.is  Alt  as  and  t  In¬ 

other  a  fine  sand  (Su-whii 

i  i ■  i  from  Ho 

r.ulo .  1 

i20)  refers 

to  till:  San-.l  as  l> 

each,  and  dune  deposits  (:<b 

!  noting  co 

nsp  i  k*uoi 

occurrences  of  magnet  He  may  lie  presei.t.  Roberts  (In)  notes  the  deposit  as 
I'. ilnt  sain!,  (I’b)  and  note:  the  high  percentage  ot'  magnetite  and  the  change  to 
a  ilarK  io!  or  for  this  deposit. 

With  resjtect  to  the  fine  white  sand,  Briggs  classifies  it  as  blanket 
deposits  (Qlhi  with  the  road  from  Dorado  west  to  I’arcelas  Hr  on  a  completely 
within  this  grouping.  Roberts  reports  a  variety  of  White  fine  sands  along 
this  route.  Based  upon  the  location  fro;:;  which  we  acquired  our  surface  s. it, ph¬ 
ot  soil  it  would  he  identified  as  Saint  Sucie  l  ine  Sand  (Su).  '1  ho  results 

of  laboratory  reflectance  measurement s  arc  tabulated  below. 
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1 1 1 1-  i- 1  i  mu  !c  of  .in  environment  plays  a  maior  role  in  cst  ah  1  1  si;  mg  l  he 
terrain  features  which  will  occur  in  a  specific  environment,  Roberts  ilo) 
provides  a  brief  hut  meaningful  chapter  on  the  climate  of  Puerto  Uico,  inclu.l- 
in,;  specific  relationships  between  vegetation  occurrence  aiul  climate,  animal 
adaption  ar.d  climate,  soi  1  color  and  climate  and  race  distribution  and  climate. 

Such  relationships  are  very  important  to  the  geologist,  geographer, 
soil  engineer,  forester  and  many  others  in  establishing  the  reasons  for  specific 
terrain  feature  occurrences ,  To  1  lie  image  interpreter  cf  remote  sensor  data 
these  relationships  are  also  important,  because  with  prior  knowledge  of  t  he 
climate  of  an  environment  he  is  psychologically  conditioned  for  the  recognition 
of  images  related  to  t he  climatology.  Without  prior  knowledge,  recognition  of 
specific  terrain  features  unique  to  particular  climates  conditions  establishes 
the  climatology  of  the  area  under  analysis.  Unfortunately,  research  to  establish 
refined,  quantitative  relationships  between  climatology  and  terrain  features 
has  not  been  given  hacking  commensurate  with  its  importance  with  respect  to 
remote  sensing. 

Dior nt liwaiTe  (21)  attempted  to  quantify  climate  in  terms  of  a  climate 
i  1 1  vie  x  involving  uic  ratio  of  mean  monthly  ucrcipitnt  ion  to  mean  monthly  evapora 
lion.  Ouisti  and  kopec  (22)  attempted  to  correlate  annual  stream  flow  to  annual 
railfall  with  this  climates  index  for  scveial  rivers  in  I’uerto  Uico.  Although 
the  results  did  not  show  perfect  correlation  they  were  encouraging.  More  of 
this  type  of  quantitative  climatic  research  is  necessary  in  order  to  derive 
the  remote  sensing  techniques  which  will  aliow  an  interpreter  to  evaluate  the 
climatology  differences  between  areas  from  remote  sensor  data. 
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lo  collect  tiie  spectral  aerial  photography  front  which  to  derive,  quant  it 
ativelv,  the  spectral  reflectance  of  ground  objects  from  image  densities,  an 
aerial  camera  is  required  that  reliably  records  image  density  from  frame  to 
frame  and  across  the  format  of  a  single  frame.  Under  previous  programs,  CAL 
showed  that  several  aerial  cameras  with  focal  plane  shutters  could  not  ho  used 
to  eoll  ct  spectral  data  because  of  very  large,  non  repeatable  errors  in  the 
shutters  .peed. 

The  Itek  Multiband  Camera,  Model  002,  which  was  to  he  used  to  collect 
the  required  spectral  fiitts,  has  a  focal  plane  shutter,  with  a  slit  for  each 
of  tlie  nine  lens  positions  in  the  camera.  Therefore  il  was  necessary  to 
evaluate  the  performance  of  this  shutter.  This  was  accomplished  on  25  July 
1968  at  AKCRI.  by  personnel  from  tit o  Terrestrial  Science  l  aboratory  (Of JT  i 
and  from  CAL,  bat a  were  acquired  tc  evaluate  the  uniformity  of  the  shutter 
speed  across  the  ?i)-mm  format,  the  repeatability  of  the  siiutter  on  consecutive 
exposures  and  the  transmission  characteristics  of  the  lens; filter  components. 
This  appendix  documents  the  results  of  the  CM.  analysis  of  the  test  data. 

As  expected,  systematic  differences  it:  shut t vr  speed  o ecu ring  across 
the  format  were  preset:' .  Ikwover,  these  differences  are  repeat  able  with  a  one 
sigma  de>.  laiiun  of  *(> »  nr  less  of  the  mean.  'though  sufficient  data  were 
not  obtained  to  p.ove  that  the  errors  for  the  i/60  and  1/120  of  a  second 
speeds  would  be  the  sane  order  of  magnitude  as  for  the  1/30  of  a  second  speed, 
tiie  data  which  was  obtained  suggests  this  was  true. 

Two  camera  problems  were  also  noted  during  this  analysis .  first , 
light  leaks  occur  cn  tiie  first  frames  of  a  sequence  and  on  all  single  frames 
exposed  manually.  Second,  parallel  lines  (light)  appear  on  the  infrared  film 
used  in  tiie  channel  for  frames  7,  8,  and  9,  which  are  believed  to  be  related 
to  tiie  pressure  of  the  iacu:ii:i  back  <>r  rollers. 
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On  a  previous  prop  ram  cAL  derived  the  reflectance  of  ground  objects 
from  spectral  film  densities  with  a  precision  of  -  0-7«  of  the  mean  value  of 
reflectance.  The  repeatability  of  the  shutter  speed  for  the  aerial  cameras 
u>ed  was  on  the  order  of  -AT.  Therefore  it  is  concluded  that  the  ltck  Model 
OUT  Multiland  camera,  with,  its  -oT  or  less  shutter-  variation  can  he  used  to 
collect  meaningful  spectral  data,  hut  that  the  resultant  measurements  of' 
ground  object  reflectance  will  be  less  precise  than  measurements  made  by 
c'AI.  on  previous  programs. 

The  details  of  the  tests  performed  are  discussed  in  the  following 
sect i ons . 

l.i  BUNCH  TliSTS 

The  test  procedure  for  determining  the  shutter  speed  of  a  focal  plane 
shutter  with  respect  to  position  across  the  film  plane  is  to  photograph  a 
rapidly  cycling  calibrated  light  source.  The  position  of  tire  slit  in  the 
ideal  plane  shutter  will  be  recorded  on  the  film  each  time  the  light  flashes. 

The  separation  of  two  adjacent  slit  images  multiplied  by  the  cycling 
rat e  of  the  light  source  is  the  average  linear  speed  of  the  slit  for  the 
selected  format  position.  The  shutter  speed  [i.c.,  t lie  time  interval  over 
•which  the  film  is  exposed  in  normal  camera  use)  is  the  width  of  the  slit 
divided  by  its  linear  speed. 

The  test  procedure  for  determining  the  relative  loss  in  transmission 
across  the  format  is  to  photograph  a  uniform  light  source  located  close 
io  tiie  front  of  the  lens.  A  line  across  the  format,  perpendicular  to  the 
direction  of  motion  of  the  shutter,  is  at  a  constant  shutter  speed,  (i.o., 
all  points  along  such  a  line  are  exposed  for  the  same  time)  therefore  the 
difference  in  densities  are  a  function  of  the  transmission  properties  of  the 
lens  and  filter  only. 
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TEST  PROCEDURE 


The  Itek  9- lens  camera  was  set  up  on  a  bench  in  a  laboratory  at  AFCRI, . 
Windows  were  partially  covered  to  reduce  the  ambient  light  level  in  the 
laboratory.  A  strobe  light  (Strob-a-tac)  was  placed  on  the  bench  at  the  side 
of  the  camera  and  aimed  at  a  30"  x  40"  white  composition  board  placed  in  front 
of  the  camera  about  one  foot  from  the  lenses. 

Starting  at  a  shutter  speed  of  1/30  of  a  second  and  an  f/numher  of 
f/2.4,  a  series  of  five  exposures  were  taken.  The  composition  board  was 
removed  and  a  uniform  light  arcc  was  placed  in  contact  with  the  lenses  and 
a  series  of  three  exposure.-  aken.  The  f/number  was  changed  to  f/S  and  a 
second  series  cf  exposures  were  taken  with  the  composition  board  in  place. 

This  process  was  repeated  for  an  f/number  of  i/22  and  shutter  speeds  of  1/60 
and  1/120  of  a  second,  lor  the  1/120  of  a  seccnJ  exposures,  the  cycling  of 
the  strobe  was  increased  from  1200  cpm  to  2400  cpm. 

The  three  rolls  of  70-mr,  film  from  the  camera  were  processe  1  by  CRJT 
personnel  in  a  Morse  B3A  rewind  type  processor.  Kodak  P-19  chemicals  and  an 
appropriate  processing  time  were  used  to  obtain  a  fiin  gamma  of  2.0.  The 
films  were  then  brought  to  CAL  for  analysis. 

Each  frame  used  to  determine  shutter  speeds  was  scanned  on  CAL's 
model  1140  Mann  microdcnsitometer  using  a  slit  aperture  (1  mm  x  20  microns). 
Because  the  focal  plane  shutter  is  on  the  order  of  1/4"  away  from  the  film 
plane,  the  edges  of  the  slit  images  were  not  sharp.  Therefore,  the  criterion 
of  locating  the  slit  edge  at  the  half-peak  power  point  of  the  density  trace 
was  used  to  establish  the  points  for  measuring  slit  widths  and  cycles.  Frames 
which  were  grossly  overexposed  were  not  used  because  the  edges  were  broadened 
by  the  over-exposure.  Four  consecutive  frames  weic  used  to  determine  the 
repeatability  of  each  shutter  in  5  to  o  positions  across  the  format.  One 
frame  and  eight  lenses  were  used  to  check  the  deviations  between  lenses  at 
several  positions  in  the  format.  Standard  deviations  were  determined  for  all 
res  ults  . 
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l.S.i  Density  i'or  Shutter  Variations 

The  quantitative  analysis  to  be  used  on  this  Al  Liu.  Project  Ci  F.ltKAVAl, ) 

begins  with  the  measurement  of  the  uonsiti.es  of  the  images  of  interest  on  all 

nine  filtered  films  of  the  lie's  camera.  A  model  1140  Mann  mi  crodonsi  tome  to  r 
with  a  measurement  accuracy  of  +  0.02  in  density  of  +  57  in  transmission  will  he 
used.  Without  the  calibration  tests  which  have  been  performed  one  would  have 

to  assume  that  the  exposures  for  the*  P-1  lenses  were  equal  for  any  indicated 

shutter  speed  and  for  any  position  across  the  format .  As  Table  L-l  shows ,  the 
average  shutter  speed  for  t he  nine  lenses  had  deviations  as  large  as  +  207. 

Such  a  deviation  would  introduce  a  density  error  of  0.08  times  the  gamma  to 
which  the  film  is  processed,  for  Project  TLKRAYAI.,  wc  anticipate  processing 
to  a  gamma  of  +2.0  which  would  result  in  a  density  error  of  +11,10.  Lrrors  in 
terrain  reflectances  derived  from  such  data  would  he  of  questionable  utility, 
therefore,  to  reduce  this  error  each  lens/shuttcr  system  requires  calibration. 

fable  C-l 

AVLlcU'di  SIHITTLR  SRliHl)  ACROSS  FORMAT 


Indicated  Shutter  Speeds 


Format 

Tosit ion' 

1/36  (0.0533  sec} 

1/60  (0.016  sec) 

1/20  (0.0083 

0.  5 

0.0500  + 1 87 

-- 

-- 

0.6 

0.0324  +97 

-- 

-- 

00 

o 

-- 

0.0168  ±17.2/ 

0.00890  ±0% 

0.9 

0.552  +12° 

-- 

... 

1.2 

0.0161  *12% 

0.00859  +  87 

1.3 

0.532  +  107 

0. 0167  +19/ 

-- 

1.6 

0.552  +10/ 

-- 

0.00844  +9s 

1.8 

0.0165  +12/ 

-- 

1  9 

0 .  551  +  1^7 

-- 

o. 00844  +6/ 

2.0 

0.0174  ±22/ 

Distance  in  inches  from  leading  edge  of  frame. 


Table  C-2  shows  the  mean  shutter  speed  for  each  lens  position,  derived 
from  four  consecutive  exposures  for  five  to  six  positions  in  the  70-min  film 
format.  These  data  are  shown  again  in  the  histogram  of  figure  1.  Ir.  38  of 
the  46  (87")  measurements  made,  the  deviation  is  ibT  or  less.  five  of  the 
eight  remaining  measurements  were  obtained  from  the  extreme  edges  of  the 
film  format  where  large  errors  are  likely  because  lens  transmission  falls  off 
drastically  making  it  difficult  to  measure  slit  widths  and  cycle  distances 
accurately  from  the  microdensitometer  traces  of  the  test  films.  Because  the 
majority  of  the  deviations  are  -oh  or  less  and  because  the  large  deviations 
occur  in  at  the  edge  of  the  format ,  it  is  concluded  that  the  repeatability  of 
the  Itek  9-lens  camera  shutter  at  1/30  indicated  speed  is  -o"  or  better  over 
most  of  the  70 -mm  format. 


The  question  now  arises  as  to  whether  or  not  the  repeatability  is 
valid  for  the  1/60  and  1/120  indicated  speeds.  As  Table  C-l  shows,  there 
appears  to  be  a  slightly  larger  variation  in  shutter  speeds  at  1/60  of  a 
second  and  slightly  less  variation  at  the  1/120  speed.  The  majority  of  the 
test  films  for  the  1/60  and  i /  .120  shutter  speeds  were  underexposed  and  there¬ 
fore  a  complete  analysis,  as  given  the  1/30  shutter  speed,  was  not  possible. 
Lens  .No.  2  however,  did  have  reasonable  exposures  at  all  shutter  speeds.  This 
was  because  the  lens  was  not  filtered  and  the  film  in  that  position,  was  I’lus-X 
Aerecor.  which  has  a  dynamic  range  adequate  to  accommodate  the  factor  of  4.0 
difference  in  exposure  between  the  1/30  of  a  second  and  1/120  of  a  second. 
Table  C-5  compares  the  shutter  speed  results  for  Lens  No.  2.  Because  the  one 
sigma  deviations  for  the  1/60  and  1/120  results  are  *b°o  or  less,  it  is  con¬ 
cluded  that  the  repeatability  of  the  shutter  is  - 6 %  or  better  at  the  three 
indicated  shutter  speeds  of  1/30,  1/60  and  1/120  of  a  second.  In  terms  of  an 
image  density  error,  for  film  developed  to  a  unit  gamma  the  -61  deviation  in 
repeatability  means  a  -0.025  density  variation  which  is  very  close  to  the 
precision  of  the  microdensitometer,  in  0.020  in  density. 
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Fiyure  C-l  HISTOGRAM  OF  THE  ONE  SIGMA  DEVIATION  OF  SHUTTER  SPEED  MEASUREMENTS 
AT  1/30  OF  A  SECOND 
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COMPARISON1  01  I  INS  NO.  2  <!  IU I  1  t.K  SPTI.PS  (!.\  Sl.OONHSj 
MfASURI.Ml.NTS  -  1/AO,  i/OU,  AND  1/120 


Indicated  Shutter  Speeds 


format” 
Posit  ion 

1/30  IQ. 0333  sec j 

i/oO  (0,0 167  sec) 

1/120  (0. 

00833 

0.  3 

0.0287 

+  10T 

-- 

-- 

0.6 

0.0298 

t  r>*u 

0.0185  +6°„ 

0. 00925 

0.9 

0.0325 

±4T 

-- 

0.00953 

l4  s 

1.1 

-- 

0.0192  +5s 

- 

1.3 

0.0315 

1 3'o 

-- 

-- 

1.6 

0.0317 

±4$ 

-- 

0.00910 

tl?. 

1.9 

0.0196  +4T 

0.00888 

+  3 « 

Distance  in  inches  from  edge  of  format  for  film  developed  to  a  unit 
gamma,  the  +  6«  deviations  in  repeatability  means  a  *0. 025  density 
variation,  which  is  very  close  to  the  precision  of  the  microdensi¬ 
tometer,  i.e.,  +0.020. 


1.1  CAMlikA  Ol'li RATIONAL  I'ROliLLM:'. 

figure  0-2  shows  the  first  set  of  simultaneous  frames  taken  during  the 
bench  test,  at  a  shutter  speed  of  1/30  of  a  second  and  an  f .'number  of  2.4. 
flic  vein'  white  images  of  frames  1,  3,  3,  6,  7,  8,  and  9  are  the  results  of  one 
or  more  light  leaks  in  the  camera.  This  pattern  occurred  in  40  out  of  80 
frames  taken.  The  40  frames  on  which  the  pattern  occurred  were  either  exposed 
one  at  a  time  (uniform  light  source  photos)  or  were  the  first  frame  in  the 
scries  of  five  frames  for  shutter  tests.  This  suggests  that  the  light  leak 
occurs  only  on  the  start  cycle  and  not  on  the  recycle.  It  was  recommended 
that  this  light  leak  be  found  and  repairs  made  in  that  short  passes  were 
expected  to  be  used  during  the  tests  in  Puerto  Rico  which  could  result  in  the 
loss  of  valuable  data  from  the  light  leak. 
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Figure  C-2  LIGHT  LEAKS  IN  MODEL 
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BAND  CAMERA 


It  was  also  noted  that  the  frame  counter  for  frames  7,  S  and  0  failed 
to  operate  and  the  counter  for  frames  1,  2  and  7>  did  not  function  properly. 
Jhe  correct  marking  of  frames  is  essential  in  that  ground  panels  for  identifi 
cation  are  not  feasible  at  the  scales  to  be  flown  in  Puerto  P.ico.  therefore, 
it  was  also  recommended  that  tiiese  counters  be  repaired  and  spares  be  carried 
to  Puerto  Pico  for  field  repairs,  if  necessary. 

finally,  four  parallel  lines  in  the  direction  of  flight  were  noted 
on  tiie  infrared  film.  These  lines  were  light  in  tone,  but  were  not  scratches 
It  appears  that  these  lines  are  pressure  marks  either  related  to  the  vacuum 
back  or  the  transport  roller.  In  either  ease  they  would  halve  a  significant 
effect  upon  the  measurement  density  for  images  in  these  locations.  It  was 
therefore  recommended  that  maintenance  be  undertaken  to  eliminate  these  lines 

Because  of  the  requirements  for  the  use  of'  this  camera  on  other 
projects  prior  to  its  use  in  Puerto  Pico  these  repairs  could  not  be  made. 
However,  being  aware  of  the  light  leak,  the  Al'CPl.  flight  crew  turned  the 
cameras  on  early  to  avoid  loss  of  data  over  the  target  area.  Since  the 
quantitative  analysis  of  the  films  lias  been  of  limited  extent,  no  difficult)' 
has  been  encountered  because  of  the  counter  problem  or  the  lines  on  the  infra 
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the  Itek,  Mode  1  002,  ‘.v-lcns  camera  can  bv  usee,  to  take 
photographs  with  which  to  conduct  a  meaningful  quant i tiativo  an 
derive  ground  object  reflectance  although  the  precision  will  he 
could  be  scheduled.  It  is  recommended  that  only  images  with  he 
shutters  located  0.2  inches  or  further  past  the  leading  edge  of 
format  be  used  for  dens i tomet r i c  analysis  to  reduce  the  large  c 
may  be  introduced  by  the  shutter  in  the  first  0.2  inches  of  tra 
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INTRODUCTION 


AFCRL  has  an  infrared  sensor  (MIAI)  which  records  data  for  determining 
the  relative  radiances  of  terrain  features  in  the  3  to  5  micron  region  of  the 
spectrum,  from  image  densities  on  film.  To  perform  a  Jensitometnc ,  quantitative- 
analysis  of  terrain  feature  radiance  in  this  band,  a  control  procedure  similar 
to  that  used  for  the  visible  and  near  infrared  portions  of  the  spectrum  is 
required.  This  appendix  describes  a  control  procedure  that  can  be  used  to 
derive  quantitative  data  on  the  radiance  of  ground  object  in  the  .i-A  micron 
band.  The  control  procedure  consists  of  utilicing  ground  control  targets, 
a  signal  generating  device  in  the  aircraft  and  a  technique  te  relate  image 
density  to  radiance  at  the  detector.  Because  of  difficulties  encountered  in 
the  field  inadequate  sensor  data  was  obtained  to  validate  propci ly  the  procedure , 
by  a  quantitative  analysis  of  natural  earth  object  radiance.  However,  the 
limited  data  reduction  performed  suggested  that  the  procedure  is  valid. 

Had  vie qua'  e  data  been  collected  additional  methodology  is  provided 
for  obtaining  measurements  of  ground  object  emissivities  and  surface  temperature 
from  the  film  image  densities. 


Tilt  PROBI.liMS 


The  basic  process  of  obtaining  quantitative  values  of  object  radiance 
from  measurements  of  the  density  of  imagery  obtained  using  a  remote  detection 
device  is  similar  whether  the  device  operates  in  the  visible,  near  infrared 
or  far  infrared  portion  of  the  spectrum,.  The  remote  sensor  collects  a  part 
of  the  energy  (reflected  or  emitted)  coming  from  the  object  which  is  then 
translated  to  an  image  of  specific  density  on  film.  To  complicate  the 
problem,  the  relationship  between  t.  _•  radiance  sensed  by  the  remote  detector 
and  the  resultant  density  of  the  recording  film  is  difficult  to  determine  for 
the  following  reasons. 
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2,1  MIMIN' LAIU  TV 

The  remote  sensor  is  composed  of  five  basic  components  eacl'  of  which 
affects  the  density  of  the  recorded  image.  Figure  1  is  a  block  diagram  of  n 
typical  infrared  scanner.  The  first  concern  is  with  nonlinearity  in  the  last 
three  components. 


Figure  0-1  BLOCK  DIAGRAM  OF  TYPICAL  INFRARED  SCANNER 


An  aggravation  to  this  problem  is  that  changing  altitude,  or  time 
of  day  a  mission  is  flown  or  flying  over  terrain  of  extremely  different 
average  radiance  properties  requires  that  the  non  linear  transfer  functions  of 
the  amplifier,  CRT,  and  camera  be  manually  changed.  Fortunately ,  once  set, 
the  combined  transfer  function  for  all  three  parts  will  only  change  slowly 
with  time. 


2,2  CON  1 RUL  TARGETS 

A  second  difficulty  is  that  of  calibrating  the  control  targets.  In 
order  to  discuss  this  properly,  we  must  first  review  the  fundamentals  of 
target  radiance.  The  review  is  of  special  intei’st  here  as  applied  to  control 
targets,  but  may  be  applied  to  any  target. 

Ihc  total  radiance  (watts/unit  solid  angle/unit  projected  area)  of  an 
object  at  a  given  temperature  (T)  over  the  electromagnetic  spectrum  is  given 
by  tne  equation 
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assuming  the  surface  of  the  object  is  diffuse 
where 


(1) 
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‘  A 
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object  emissivity 

radiation  of  a  black  body  at  the  same  temperature  as 
the  object  (watts/unit  area/micron) 

object  reflectivity 

irradiance  on  the  object  (watts /unit  area/micron) 
wavelength 


It  in  the  wavelength  region  of  interest  (3-5  ^  for  the  MIAI  scanner! 
the  emissivity  of  the  objects  of  interest  is  nearly  constant,  an  average  value 
£  can  be  assigned  for  the  emissivity.  The  reflectivity  of  an  object  must 
therefore  also  be  nearly  constant  in  that  Kirkoff's  Law  states  that  reflectivity 
is  equal  to  one  minus  emissivity  (,0  =■’-£).  Thu"  hqua  ion  1  reduces  to: 

-5  aU-  -5  c*. 

k  r  _  .  £'  ■* 

Sf  -  /?  d  k  *■  — - -  ■ —  ,  ,u  d  1  Ml 
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Now  then,  the  integral  of  ^ dA  is  merely  the  area  4^  under  the  black  body 
radiation  curve  for  a  specific  temperature  over  the  3-3  micron  spectral  region 
and  the  integral  of  s'^dA  is  the  area  (  A  )  under  the  irradiance  curve  (also 
in  the  3-5  micron  band]  so  that  liquation  2  can  be  written  as: 
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Thus  the  radiance  which  a  remote  sensor  detects  in  the  3-5  micron 
region  of  the  spectrum  is  a  function  of  the  object's  average  emissivity  (and 
reflectance],  its  temperature,  and  the  total  energy  falling  upon  its  surface 
in  tlie  spectral  band  considered.  Although  black  body  radiation  curves  are 
known  and  the  average  surface  temperature  of  ground  objects  (control  targets) 
can  be  measured,  instrumentation  for  measuring  ir radiance  in  the  5-5  micron 
region  of  the  spectrum  is  costly.  Thus  the  emitted  component  of  the  control 
target  radiance  may  be  known  but  not  the  reflected. 


2.3  L)C  LOSS 

The  preamplifier  it  as  a  time  constant  on  the  order  of  a  few  scans  of  the 
detector,  so  that  the  bias  is  automatically  adjusted  thus  keeping  the  bright¬ 
ness  of  the  CRT  spot  within  the  dynamic  range  of  the  recording  film.  One  may 
tii ink  of  tills  as  an  automatic  exposure  control  on  an  aerial  camera.  Because 
of  this,  the  absolute  densities  of  images  do  not  relate  directly  to  the 
absolute  radiances  of  the  objects.  Although  a  pleasing,  well  exposed  picture 
is  produced,  this  problem  is  bv  far  the  greatest  deterrent  to  using  present 
scanners  for  quantitative  analyses.  It  is  true  that  separate  recording  of 
the  D.C.  level  would  eliminate  the  difficulty,  but  this  would  require  major 
modifications  to  the  scanner. 

3.  TI1L  SOLUTIONS 

Basically  wo  must  relate  film  density  to  ground  radiance  in  order  to 
use  the  remote  sensor  data  to  measure  terrain  emissivity,  reflectivity  or 
temperature.  As  with  the  multiband  camera,  this  can  be  accomplished  by 
determining  the  transfer  functions  of  eacli  individual  sensor  component,  and 
external  attenuations,  or  more  simply  by  using  a  relative  analysis  of  tlie 
unknown  to  a  known  object  radiance  on  the  ground.  The  latter  approach  is 
preferred  because  it  is  inherently  simplicr  than  the  former.  In  either  ease, 
the  transfer  function  between  radiance  at  the  detector  and  film  image  density 
must  be  determined. 
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The  problem  of  nonlinearity  is  solved  by  use  of  a  calibrating  signal 
generator,  the  control  target  problem  is  solved  by  use  of  three  rather  than 
the  customary  two  control  targets,  for  photographic  systems  and  the  ll.C.  loss 
is  solved  by  use  of  a  grass  substandard,  as  described  below. 

3.1  NONLINEARITY 


We  built  a  signal  generator  for  the  MIA1  scanner  which  could  be 
plugged  into  the  amplifier  in  place  of  the  detector  and  preamplifier  to 
generate  a  density  step  wedge  on  r he  film  output.  This  generator  is  described 
in  Appendix  f. 

The  step  wedge  which  should  have  preceded  each  data  pass,  was  to  ho 
scanned  on  microdensitometer  to  obtain  the  transfer  function  between  pre¬ 
amplifier  voltage  output  (or  video  amplifier  input  voltage)  and  film  density 
for  each  pass.  Because  the  lens  of  the  recording  camera  has  a  transmission 
loss  from  the  on  axis  position  to  the  format  edge  several  microdensitometer 
scans  were  to  be  made  to  obtain  the  transfer  function  as  a  function  of  image 
off-axis  position  in  the  format.  The  true  shape  01  this  function  could  not 
be  established  precisely,  because  the  step  wedge  generator  was  not  utilised 
on  a  sufficient  number  of  flights  during  the  tests.  However,  figure  2  has 
been  included  for  illustrative  purposes. 


Figure  D-2  ILLUSTRATION  OF  REDUCED  STEP  WEDGE  DATA 
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The  density  of  the  image  of  any  target  may  be  measured  and  the  pre¬ 
amplifier  voltage  determined  from  the  appropriate  curve  of  figure  D-2  above. 

3.2  CONTROL  TARC.FT3 


At  the  site  of  the  ground  reflection  panels  for  the  multi -hand  camera, 
we  constructed  two  20  foot  x  20  foot  x  4  inch  water  trays,  one  of  which,  was 
heated.  Also  a  20  foot  x  20  foot  aluminum  target  and  a  dense  grass  target  were 
constructed.  By  use  of  the  water  and  aluminum  target  densities  and  the  pro¬ 
cedure  indicated  below,  the  radiance  of  any  target  which  lies  in  tne  same  scan 
as  t he  control  targets  may  be  found. 


The  measured  radiance  of  an  object  can  be  expressed*  as  follows; 


i  = 
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where 


Thus , 


...  =  the  voltage  output  of  the  preamplifier 

A  =  a  constant 

and  .*f  =  a  radiance  value  which  is  dependent  upon  the  past 

history  of  the  ladiance  level  sensed  by  the 
scanner . 

have  the  following  set  of  equations: 


H 

<X 

<k 

or 

V 

u. 

X  “ 

4L 

or 

where  the  subscripts  H,  u,  and  AL  refer  to  heated  water,  unheated  water,  and 
aluminum,  respectively.  The  voltages  are  determined  from  the  densities  using 
figure  D-2  above.  So  long  as  the  three  control  targets  arc  all  in  the  same 
scan  lines  a:  and  p,  are  the  same  for  all  three  equations.  From  liquation  3 


Tests  using  the  3-5  micron  detector  and  preamplifier  of  the  CAL  Bendix 
scanner  suggests  this  expression  is  quite  valid. 
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From  a  measurement  of  the  surface  temperatures  of  the  heated  water  target,  the 
unheated  water  target,  and  the  aluminum  target,  the  black  body  radiation 
values  are  determined  from  the  black  body  radiation  curves  (i.e.,  A£g  , 
and  abba.  )  f°r  each  of  these  temperatures.  The  emissivity  of  water  is 
approximately  0.98  across  the  3-5  micron  spectral  region  and  that  for  aluminum 
is  approximately  0.02.  Equating  the  two  sets  of  equations  we  have: 
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The  unknowns  are  ,  /?  ,  and  ,  The  three  equations  can  be  solved 
simultaneously  for  these  unknowns.  Bv  substituting  both  .V  and  *  into  the  first 
set  ot  equations  the  Radiances  of  the  targets  can  be  plotted  as  a  function  of 
the  output  voltage  of  tnc  preamplifier,  as  shown  in  Figure  l«-3,  solid  line. 


OUTPUT  VOLTAGE  PREAMPLIFIER 

Figure  D-3  RADIANCE-VOLTAGE  CALIBRATION  CURVE 
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Thus,  for  any  target  in  the  same  scan  as  the  water  and  aluminum  targets, 
the  radiance  may  he  found  by  (1)  measuring  the  density  of  the  image,  (2)  deter¬ 
mining  the  voltage  from  figure  D-2,  and  (3)  determining  radiance  from 
figure  H-3,  solid  line. 

3.3  I) . C  .  boss 

For  any  other  terrain  feature  of  interest  in  the  scene,  but  not  on  the 
same  scan  lines  as  the  control  target,  the  K  factor  of  liquation  5  ina>  well  have 
changed  considerably.  Therefore,  a  constant  radiance  target  is  necessary 
running  throughout  the  length  of  the  area  of  interest.  A  small  stream  or 
creek  would  niakc  an  excellent  target,  however  those  arc  generally  not  present. 

In  natural  terrain  grass  is  generally  present  over  the  entire  area  of  interest. 
If  a  multi-band  camera  system  is  flown  simultaneously  with  the  infrared 
scanner  the  vigor  and  percentage  of  grass  cover  can  he  evaluated  by  measuring 
the  reflectance  properties  in  the  near  infrared  and  the  red  portion  of  the 
spectrum.  Those  images  having  the  same  properties  in  these  bands  can  then  be 
selected  for  use  as  standard  targets  for  tne  far  infrared. 

The  density  of  the  image  cf  the  grass  area  within  t lie  same  scan  linos 
as  the  three  control  target  are  now  measured  and  the  corresponding  voltage 
obtained  from  the  appropriate  curve  of  Figure  U-2.  From  the  density  of  images 
of  similar  grass  areas  in  other  scans  on  the  infrared  record,  the  apparent  volt¬ 
age  output  of  the  preamplifier  can  be  obtained  from  the  appropriate  calibration 
curve  of  Figure  P-2,  By  using  the  differences  in  voltages  for  these  grass 
samples  to  adjust  the  voltage  values  derived  from  the  film  densities  of  any 
other  objects  of  interest  in  the  same  scan  lines  as  the  remote  grass  area,  the 
radiances  for  these  objects  can  now  be  determined  directly  from  Figure  P-3,  the 
Radiance/Voltage  output  calibration  curve  for  the  data  pass.  Thus  the 
procedure  for  obtaining  the  radiance  of  terrain  features  in  the  three  to  five 
micron  spectral  band  is  complete. 
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4. 


SOIL  PROPURTI US  AND  FAR  INFRARUD  RAUIANCU 


Investigators,  using  a  qualitative  analysis,  namely  interpretation  of 
far  infrared  records,  have  observed  film  density  differences  in  terrain 
features  of  interest.  They  have  attributed  these  density  differences  caused 
by  total  radiance  differences,  to  temperature  or  emissivitv  differences  between 
the  terrain  features.  This  practice  is  highly  arbitrary,  in  that  very  little 
is  known  about  the  emissivities  of  terrain  features,  and  the  irradianee  at  the 
time  such  films  are  recorded.  lhe  quantitative  analysis  approach  allows  us  to 
investigate  the  contributions  of  emissivitv,  reflectivity  and  irradianee  to 
the  total  radiance  sensed  by  the  scanner,  with  a  minimum  of  assumption  neces¬ 
sary  . 


Umissivity  Measure 

To  obtain  an  emissivitv'  measure  of  a  terrain  feature  m  the  scene,  we 
must  measure  the  average  surface  temperature  of  the  feature.  This  can  be  done 
with  a  radiometer  or  surface  thermistors. 


We  must  assume  that  the  irradianee  on  the  feature  is  equal  to  that  on 
the  standard  grass  target,  which  should  he  quite  valid  provided  the  two  are  in 
close  proximity  on  the  ground  and  no  cloud  shadows  are  present.  We  can  deter¬ 
mine  the  absolute  level  of  tiie  irradianee  (AH  *  as  described  previously.  It 
is  now  possible  to  measure  the  terrain  features  emissivitv  using  the  following 
equation . 
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where 


=  the  radiance  of  the  feature  derived 
from  its  linage  film  density 

H  =  the  irradianee  derived  from  tin-  dens  it  y 
of  the  image  of  grass  control  target 
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^3B  =  the  body  radiation  derived  from  the  black 

body  radiation  curve  for  the  appropriate 
temperature 


TbMi’hRATUKL  MbASURh 


To  obtain  the1  surface  temperature  of  a  terrain  feature  we  must  have  a 
measure  of  its  average  emissivity.  This  can  be  obtained  by  selecting  several 
samples  of  the  terrain  feature  of  interest  in  the  field  and  using  t he  procedures 
described  above  to  measure  an  average  emissivity  from  film  density  values. 

Using  this  average  emissivity  value  for  the  terrain  feature  'f  interest,  the 
value  of  ^derived  from  the  density  of  t lie*  image  of  the  grass  control  target 
and  the  total  radiance  of  the  feature  derived  from  its  image  density,  the 
black  body  radiation  of  other  examples  of  the  same  type  of  terrain  feature  can 
be  computed  from  the  following  equation: 

i 


Black  body  radiation  curves  can  then  be  used  to  determine  the  surface  temper¬ 
ature  of  the  feature. 

Moisture  hffects 

Of  particular  importance  with  respect  to  terrain  sensing  in  the  far 
infrared  spectral  region  is  the  theory  that  soil  moisture  content  can  be 
evaluated  from  records  taken  at  different  times  of  the  day.  The  rate  of 
change  of  temperature  for  a  moist  soil  should  he  different  from  that  of  a  less 
moist  soil  because  of  the  differences  in  the  specific  heats  of  the  soils. 

impending  upon  the  precision  with  which  the  temperature  measure  of  a 
soil  surface  can  he  obtained  from  the  procedure  described  above  and  the 
magnitude  of  the  change  of  surface  temperature  which  will  occur  between  a  pre 
and  post  sunset  mission  it  would  he  feasible  to  investigate  this  theory  from 
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the  data  to  be  collected  in  Puerto  kico.  However,  hectu.se  of  a  problem 
encountered  by  the  air  crew  or.  applying  the  step  wedge  to  the  film  before 
eacti  pass,  suitable  data  for  the  analysis  were  not  acquired. 
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Append  i  x  I; 

MIAI  SIGNAL  GliNLRATING  CAI.I  liRATOR 


SIGNAL  GLNF.RATINfi  CALIBRATOR 


Tl\e  calibrator  is  a  solid  state  pulse  generator  which  can  be  triggered 
by  an  external  negative  pulse.  Trigger  amplitudes  may  vary  between  b  and  20 
volts.  The  output  is  a  selectable  positive  or  negative  going  pulse  whose  full 
scale  ainpiitude  may  be  varied  between  10  millivolts  and  200  millivolts.  A 
decade  precision  attenuator  is  included  to  obtain  0.1  full  scale  amplitude 
increments . 

Figure  1  shows  a  schematic  of  the  unit.  The  output  pulse  has  a  nominal 
pulse  width  of  2.5  milliseconds,  and  peak  amplitude  of  4.0  volts,  as  shown  in 
Figure  2.  The  pulse  width  may  be  varied  to  any  width  between  lo  sec  and 
2.0  sec.  The  unit  uses  a  self-contained  battery  supply  which  has  an  operating 
life  in  excess  of  10  hours. 

Because  the  calibrator  will  be  used  as  an  input  to  a  capacitor  coupled 
video  amplifier,  the  output  of  the  video  amplifier  will  be  corrupted  by  the  time 
constants  in  the  coup-ling  networks,  and  a  droop  in  the  pulse  will  exist.  The 
amount  of  the  droop  represents  the  degradation  if  the  video  signal  during  a  one 
half  scan  line  period,  and  will  result  in  a  change  in  the  gray  level  over  the 
half  1  i ■>'.  t  eriod . 

Operation 

To  use  the  calibrator,  proceed  as  follows: 

1.  Connect  the  desired  trigger  signal  to  the  TRIG.  1NPUI  of  the 
cal ibrator . 


Connect  the  calibrator  OM.dUT  to  the  input  of  the  video 
amplifier. 


Turn  calibrator  power  to  ON1  position. 

Set  output  polarity  switch  to  the  desired  output  polarity, 

(+  or  -). 

Set  attenuator  to  full  scale  position,  10.0. 

Adjust  level  control  to  obtain  the  desired  full  scale  output, 
as  observed  on  the  monitor  scope. 

Initiate  calibration  routine  (start  camera,  etc.),  then  decrease 
attenuator  from  10.0  to  0  in  equal  time  increments. 

When  calibration  has  been  completed,  turn  power  OFF  and 
disconnect  calibrate:. 
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Figure  E-2  PULSE  GENERATOR  OUTPUTS 
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